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I w i s h to welcome a l l the I C P N readers. For this issue of
I C P N , 34 manuscripts were received for consideration of
w h i c h 25 have been accepted and included in this issue.
Five manuscripts were found unsuitable for I C P N , and
four corresponding authors d i d not rev iew and respond to
the remarks in t ime. I suggest that the contributors f o l l o w
the guidelines (on the inside cover) w h i l e preparing the
manuscript, and respond to the r ev iewing queries in t ime
so as to b r ing out the newsletter issues conveniently and
prompt ly . News about the researchers and the crops, and
short research articles should be the focus of the
newsletters, and I request the contributors to consider the
same. I t w o u l d give me immense satisfaction i f a l l the
personnel engaged w i t h the research and development of
chickpea and pigeonpea take interest in sharing and
dis t r ibut ing the informat ion using this newsletter.
I thank the contributors and the authors of this issue,
and particularly the reviewers of the manuscripts, namely,
SL D w i v e d i , PM Gaur, L Krishnamurthy, K Krishnappa,
J V D K Kumar Rao, N Mall ikar juna, S Pande, RPS Pundir,
LJ Reddy, OP Rupela, KL Sahrawat, D V S S R Sastry,
KB Saxena, HC Sharma, P Singh, Sube Singh, V Vadez
( ICRISAT) , PK Agrawal , SC Goswami, GT Gujar, J Kumar
( 1 A R I , N e w De lh i ) , Shiv Kumar ( I IPR, Kanpur) , and SB
Sharma (Department of Agr icu l tu re , Austra l ia) , and the
Lib ra ry a t I C R I S A T compi l i ng S A T C R I S l i s t ing .
We are updating the m a i l i n g list of I C P N . Therefore,
k i n d l y furnish the particulars in the attached f o r m and
send it back to us before 30 November 2005 or email
your response to newsletter@cgiar.org. I t may be
d i f f i cu l t to process any request after the deadline.
I C P N team wishes its readers a very happy Christmas
and a healthy, productive and prosperous 2006.
C h i c k p e a Scientists' M e e t H e l d a t
I C R I S A T - P a t a n c h e r u
A one-day Chickpea Scientists' Meet was organized at
I C R I S A T on 6 January 2005 for the scientists of Nat ional
Agricul tural Research System ( N A R S ) , India. The meeting
was attended by 45 scientists that included 28 Indian
N A R S scientists from 12 states and 17 I C R I S A T scientists.
The objective of the meeting was to facilitate interaction
between I C R I S A T and N A R S scientists and provide
opportunity to N A R S scientists to see ICRISAT ' s chickpea
experiments and select breeding lines and germplasm of
their interests.
The meeting was inaugurated by J D H Keatinge, the
Deputy Director General (Research) of I C R I S A T , after a 
formal welcome by C L L Gowda, the Leader for Global
Theme - Crop Improvement. Masood A l i , Director, Indian
Institute of Pulses Research, Kanpur, made a presentation
on significant achievements and future opportunities for
lCRISAT-Indian N A R S collaboration in chickpea research.
PM Gaur, I C R I S A T ' s Chickpea Breeder, presented
highlights of the recent developments in chickpea
research at I C R I S A T . It was emphasized that I C R I S A T -
Indian N A R S partnership has been very frui t ful in
chickpea research as 25 varieties, i nc lud ing some very
popular varieties such as I C C V 2, I C C V 10, ICCC 37, JG 11,
JG 16, JG 130, K A K 2 , J G K 1 , V i sha l , and BG 1053,
have been developed through this partnership. The
I C R I S A T - I n d i a n N A R S collaborat ive varieties had 37%
share in the total indent of chickpea breeder seed in the
country for 2004/05.
E d i t o r i a l N e w s
C G I A R A w a r d t o I C R I S A T Scientist
P Lava Kumar , Special Project Scientist - V i r o l o g y , of
I C R I S A T , received the " C G I A R Y o u n g Scientist A w a r d
2004", for his contr ibut ion to identif icat ion of the causal
agent of pigeonpea ster i l i ty mosaic disease ( S M D ) , a 
widespread problem in the Indian subcontinent that
drastically cuts the pigeonpea yields, causing over
US$300 m i l l i o n w o r t h of gra in loss. His w o r k lead to the
development of disease diagnostic tools and improved
methods of cont ro l l ing i t . He was also the recipient of
"Mi l l enn ium I C R I S A T Science A w a r d 2004" as promis ing
young scientist for contr ibut ion to the sustainable
management o f S M D .
HD Upadhyaya
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M a r i g o l d : A Diagnostic T o o l for B G M
Forecast ing a n d M a n a g e m e n t i n
C h i c k p e a
Botryt is gray mould ( B G M ) is a disease that mainly
attacks the reproductive structures of a chickpea plant.
Flower abortion is a common symptom of the disease
(F ig . 1) wh ich remains undiscovered unt i l the damage is
vis ible on the canopy. As a result, t imely application of
fungicides is hampered in the integrated disease
management. The predict ive models (Shtienberg and
Elad 1997) to estimate disease severity and t iming are
based on complex mathematical calculations, and they do
not account for inoculum pressure. To identify an
alternative indicator for a reliable diagnosis, forecasting
and management of B G M , several ornamental plants
commonly g r o w n dur ing the chickpea season as a 
collateral host of Botrytis cinerea were evaluated.
The control led environment investigations on host
pathogen interaction were carried out w i t h mar igold
(Tagetus erecta L . ) . F lower ing plants of marigold when
spray-inoculated w i t h B. cinerea (3 x 105 conidia mL-1)
from chickpea and incubated in an environment (15°C
and 100% R H ) needed for B G M development, produced
symptoms on the leaves, f lowers, f lower buds and stems.
Six days after inoculat ion ( D A I ) , dark lesions were
observed on a ful ly bloomed f lower (F ig . 2 A ) .
Concurrently, al l the young buds appeared completely
rotted, but d id not support sporulation (F ig . 2B) . By 12
D A I , masses o f w i n d b lown grey sporulation on flowers
and f lower buds were clearly vis ible (F ig . 2C and 2D) .
Between 15 and 20 D A I , profuse grey sporulation was
observed on a l l the aerial plant parts (F ig . 2E).
The early infection of B. cinerea causing moldy
infect ion on mar igo ld clearly identif ied its usefulness to
farmers as a diagnostic too l to predict B G M epidemics
and its management in chickpea. M a r i g o l d as an indicator
plant to apply prophylactic fungicidal protection to
chickpea crop in Nepal has been successfully validated.
Infect ion of B. cinerea on the flowers of mar igold and
The participants witnessed various experiments on
physiology, pathology, entomology, genetic resources,
wide hybridizat ion, genetics and breeding of chickpea,
and had interactions w i t h the scientists. They selected
germplasm and breeding materials of their interests and
submitted indents to ICR1SAT for the supply of seed.
Contributed by PM Gaur
l C R I S A T , Patancheru, India
Figure 1. B G M infection on chickpea flowers.
Figure 2. Progressive symptoms of Botrytis cinerea infection
on marigold: (A) Initial lesion development and sporulation on
bloomed flowers and (B) rotted young buds; (C) sporulation on
flowers; (D) sporulation on flower buds and lesion development
on leaves; (E) sporulation on all the aerial plant parts.
Dahl ia , g r o w n at Ishurdi and Jessore in Bangladesh,
indicates the possible integration of this farmer fr iendly,
low-cost B G M forecasting system.
Reference
Shtienberg D and Elad Y. 1997. Incorporation of weather
forecasting in integrated, biological-chemical management of
Botrytis cinerea. Phytopathology 87:332-340.
Contributed by Suresh Pande, G Krishna Kishore
and J Narayana Rao
Crop Improvement Theme
I C R I S A T , Patancheru, India
V i s i t i n g Scientists
SL Dwivedi has j o ined I C R I S A T Genetic Resources
Un i t as a V i s i t i n g Scientist to w o r k on Generation
Challenge Program supported chickpea project on
"assessing the genetic diversi ty and al lel ic var ia t ion
associated w i t h beneficial traits in global composite
chickpea core col lec t ion" in partnership w i t h I C A R D A ,
w h i c h is another C G I A R Center part icipating in this
project. This composite core consists of 3000 accessions,
drawn from vast col lect ion of chickpea germplasm
maintained at the I C R I S A T and I C A R D A gene banks -
chickpea core col lect ion, elite germplam, advanced lines/
cultivars, unique germplasm w i t h specific traits, and w i l d
Cicer species. Us ing A B I 3 7 0 0 and SSR markers, the
accessions w i l l be molecularly profiled at M S Swaminathan
A p p l i e d Genomics Laboratory, I C R I S A T , to define the
genetic structure of the global composite col lect ion, and
to fo rm a subset of 300 accessions representing the
m a x i m u m diversity for the isolation of allelic variants of
candidate gene associated w i t h beneficial traits. It is
expected that molecular biologists and plant breeders
w i l l have ample opportunities to use diverse lines in
functional and comparative genetics, in the mapping and
cloning of gene(s) of particular interest, and in applied
breeding to diversify the genetic base of the populations
w h i c h leads to the development of cultivars w i th superior
performance.
Ranjana Bhattacharjee j o ined the Genetic Resources
U n i t ( G R U ) , I C R I S A T , as a V i s i t i n g Scientist for the
project "molecular characterization of pigeonpea
composite col lect ion." The project is supported by the
Generation Challenge Program of the Consultative
Group on International Agr icu l tu ra l Research ( C G I A R ) .
Dr Bhattacharjee has a PhD on establishing pearl mi l le t
core collection, wh ich she pursued at the G R U , I C R I S A T ,
and at the Haryana Agr icul ture Univers i ty . F o l l o w i n g
this, she worked at the International Institute of Tropical
Agr icul ture ( I I T A ) , Niger ia , as Postdoctoral Fe l low on
cocoa molecular genetics. In her new stint at I C R I S A T ,
she w i l l be involved in characterizing pigeonpea
accessions using micro-satellite markers to determine the
genetic structure of the global pigeonpea composite
collect ion. The results of this study w i l l further diversify
the genetic base of populations, and assist in mapping and
cloning gene(s). Data generated w i l l also contribute to
comparative and functional genetics. Breeders w i l l have
opportuni ty to use genetically diverse parents in their
program to develop broad based cultivars.
ICPN 12, 2005 3 
Research Reports
C h i c k p e a http:// frodo. wi. mit. edu/cgi- bin/primer3/primer3 
www.cgi). These primers were used to ampl i fy genomic
D N A of F L I P 84-92C and PI 599072 w h i c h are parental
lines that resulted in monomorphic bands of expected
size. To develop CAPS and dCAPS markers, the
amplif ied products were run on 1% agarose gels, and the
fragments eluted f rom the agarose gels using D N A gel
extraction k i t ( M i l l i p o r e , U S A ) were cloned into the
p G E M - T easy plasmid vector (Promega, U S A ) . The
cloned D N A fragments were sequenced on an A B I Prism
377 D N A sequencer ( A p p l i e d Biosystems, U S A ) using
the dideoxy sequencing method w i t h T7 universal
primer. In CAPS analysis, the sequences of bo th parental
D N A s were compared using Vector NTI Advance 9.0
software (www.informaxinc.com) for SNP detection and
restriction mapping. The SNPs that conferred differential
restriction enzyme sites between the parents were used
for further analysis. A m p l i f i e d product size of aldolase
primers is 168bp and the po lymorphism was detected by
Afl l l l restriction enzyme digestion (F ig . 1).
CAPS analysis d i d not detect po lymorph ism in the
product ampl i f ied w i t h the pr imer ( M F ) designed f rom
forward end of 4m 10 B A C clone. In this case we used
dCAPS technique by designing primers w i t h a single
nucleotide mismatch adjacent to SNP posi t ion creating
restrict ion site in the ampl i f ied PCR product of one
parent but not the other. The primers for dCAPS analysis
were designed using a web-based software package and
the program is available on http://helix.wustl .edu/dcaps/
dcaps.html. The size of the product ampl i f ied by MF is
553bp and Taq 1 restr ict ion site was created by replacing
an adenosine w i t h a thymidine at the t h i rd posi t ion 5' to
the SNP. The ampl i f ied products were digested using
Taq 1 enzyme and separated on 2% agarose gel to detect
po lymorphism between the parental lines and the
segregating populat ion (F ig . 2) . Metaphor agarose gel or
6% acrylamide gel is recommended for improved
resolution of the digested bands.
Cleaved ampli f ied polymorphic sequence (CAPS) and
derived cleaved amplified polymorphic sequence (dCAPS)
are sequence-based and co-dominant markers. CAPS
markers result f rom differential restriction digestion of
gene / allele specific polymerase chain reaction (PCR)
products based on the loss or gain of restriction enzyme
recognit ion sites due to the presence of single nucleotide
polymorphisms (SNPs) or insertion / deletion mutations.
In dCAPS analysis, a restr ict ion enzyme recognit ion site
that includes the SNP is introduced into the PCR product
by a pr imer containing one or more mismatches to
template D N A ( N e f f et al . 1998). These markers were
developed previously and have shown u t i l i t y in other
plant species but have not been used in chickpea genome
analysis pr ior to this report. Us ing available D N A
sequences from B A C ends and gene specific markers, we
studied the usefulness of CAPS and dCAPS markers to
identify po lymorphism in a region of the chickpea
genome lacking vis ible po lymorphism.
Primers were designed from the ends of 4m 10, 15o9
B A C clones and the partial sequences of Aldolase (v is i t
PN Rajesh, Kevin McPhee and Fred J Muehlbauer*
(USDA-ARS, Dept of Crop and Soil Sciences, Washington
State University, Pullman, WA 99164-6434, USA)
*Corresponding author: muehlbau@wsu.edu
Genetics/Breeding/Biotechnology
Detect ion o f P o l y m o r p h i s m Us ing
C A P S a n d d C A P S M a r k e r s i n T w o
C h i c k p e a Genotypes
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P1 A l d o l
168 bp
M.Sse9l (60)
Tsp 509I (59)
P 2 A l d o l
168 bp
Afl lll (37)
M . A f l I I I ( 3 7 ) M.Sse9l (60)
Pci l (37) Tsp 5 0 9 l (59)
3 5 0 b p
A B C D c R I L s XM
A - A f l l l l d i g e s t e d F L I P 8 4 - 9 2 C D - U n d i g e s t e d P I 5 9 9 0 7 2
B - A f l l l l d i g e s t e d P I 5 9 9 0 7 2 M - L a m b d a B s t - N 1 m a r k e r
C - U n d i g e s t e d F L I P 8 4 - 9 2 C c R I L s - C h i c k p e a r e c o m b i n a n t i n b r e d l i n e s
X - C o d o m i n a n t c R I L
Figure 1. CAPS analysis using Aldolase specific primers.
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SNP detection between parental al lel ic sequences was
ver i f ied by compar ing replicate sequences. A l though the
frequency of SNPs present in the chickpea genome is not
known , SNPs arc reported to be abundant in plant
genome (Gr i f f i n and Smith 2000). Development of
CAPS and dCAPS markers is simple and does not require
expensive instruments. I t involves common laboratory
methods such as polymerase chain reaction, restr ict ion
digestion and agarose electrophoresis. Appl ica t ion of
these markers in chickpea mapping where absence of
po lymorph ism is a constraint is expected to improve
generation of high density maps necessary for map-based
c lon ing and integration of physical and genetic maps.
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A - T a q 1 d i g e s t e d F L I P 8 4 - 9 2 C D - U n d i g e s t e d P I 5 9 9 0 7 2
B - T a q 1 d i g e s t e d P I 5 9 9 0 7 2 M - L a m b d a B s t - N 1 m a r k e r
C - U n d i g e s t e d F L I P 8 4 - 9 2 C c R I L s - c h i c k p e a r e c o m b i n a n t i n b r e d l i n e s
Figure 2. dCAPS analysis using BAC end primers.
M A B C Dc R I L s
T a q 1 T C G A
T a q 1 d i g e s t i o n
A A C T T G A A G A T A T T T A A T A T G G C A C T C A A A C A
A A C T T G A A G A T A T T T A A T A T G G C A C T / C G A A C A
A A C T T G A A G A T A T T T A A T A T G G C A C T C - d C A P S M F p r i m e r
A A C T T G A A G A T A T T T A A T A T G G C A C A C A A A C A - F L I P 8 4 - 9 2 C
A A C T T G A A G A T A T T T A A T A T G G C A C A C G A A C A - P I 5 9 9 0 7 2
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Chickpea (Cicer arietinum) is an important source of
dietary protein of the predominant vegetarian populat ion
of the Indian sub-continent. It is also adopted as protein
supplement food by the people of European countries
(Viveros et a l . 2001). The green chickpea is used for
vegetable purpose whereas, dry seed is consumed in the
form of whole seed, dhal, and in the form of fried items
from the chickpea flour. However , many people use the
chickpea in flour form. L imi ted information on proximate
composit ion of chickpea is available (Gopalan et al.
1971 ; Sotelo et al. 1987). Therefore, here an attempt was
made to evaluate different varieties of chickpea for
nutr i t ional constituents and tannin contents in the f lour of
dry seeds of ten varieties including the dominant varieties
of the region viz Dohad Y e l l o w and GG 1.
Seeds of ten varieties were collected from a replicated
breeding t r ia l conducted at the Plant Breeding Farm,
Gujarat Agr icu l tu ra l Univers i ty , Anand , dur ing winter
season of 1999-2000. The dry seeds were ground in
mechanical grinder from each replicate and 60-mesh
powder was used for chemical analysis. The analysis was
done for o i l , ash and protein, as per A O A C standard
whereas crude fiber and methionine were estimated
according to the procedures described by Maynard
(1978) and Mc Carthy and Paille (1959), respectively.
Total carbohydrate percentage was determined by
subtracting the sum of the percentage of crude protein,
crude fiber, fat, ash and moisture from 100%. The
energy value of seeds was calculated (Osborne and Voogt
1970). Total phosphorus and i ron was determined
colorimetrically. The procedure of A O A C (1970, 1980)
was used to determine the calcium.
Tannin and anti-nutri t ional factor was determined as
per the procedure described by Sadasivam and Man ikam
(1992). A l l these above mentioned analytical observations
of three replicated samples for ind iv idual components
were used for the analysis of variance by Randomized
B l o c k Design ( R B D ) (Steel and Torr ie 1980). The results
obtained for various parameters are presented in Table 1.
The f lour moisture content was found h igh ly variable
indicat ing variable moisture ho ld ing capacity of f lour.
This was also reported in cereals and pulses (Patel and
Parameswaran 1992).
R Bhataagar*, JP Yadavendra and KV Patel (Department
of Biochemistry, BA College of Agriculture, Anand
Agricultural University, Anand 388 110, Gujarat, India)
Corresponding author: bhatnagarramesh@yahoo.com
Nutritional Constituents in Chickpea
Varieties
K a b u l i chickpea is most ly suitable for the region where
the span of winter season is long. Its cu l t iva t ion has
attracted several progressive farmers in the south zone as
it fetches p remium price when compared to desi. Hence
developing a cul t ivar of kabuli chickpea suitable for the
region w i t h m i l d and short winter , large seed size and
resistance to fusarium w i l t are the basic requirements. On
this background, the variety Phule G-95311 released by
' A l l India Co-ordinated Research Project on Chickpea '
has fu l f i l l ed a long awaited demand. Twenty advanced
breeding lines of kabuli chickpea were obtained from the
International Crops Research Institute for the Semi -Ar id
Tropics ( I C R I S A T ) , Patancheru, in 1996-97 at Pulses
Improvement Project, Mahatma Phule Kr i sh i Vidyapeeth,
Rahuri . I C C V 95311 derived from a mul t ip le cross of
[ ICCC-32 x ICCL-80004) x [ ( ICCC-49 x FLIP-82-8C) x 
I C C V - 3 ] was found promis ing for y i e ld and seed size. I t
was, therefore, tested in Station T r i a l and Regional
Varieta l T r i a l dur ing 1996-98. On the basis of its
performance, it was promoted to State Mul t i l oca t i on
Tr ia l i n 1998-99. Further, i t was included in A l l India
Co-ordinated trials where i t performed extremely w e l l in
In i t i a l Var ie ta l T r i a l , Advance Varie ta l Tr ia l -1 and
Advance Varieta l Tr ia l -2 , especially for southern zone.
Considering its h igh y i e l d performance in comparison
w i t h the standard check I C C V 2 , K A K 2 and BG 1003, i t
was released for general cu l t iva t ion in the south zone in
BM Jamadagni, LB Mhase and DV Deshmukh (Pulses
Improvement Project, Mahatma Phule Krishi Vidyapeeth,
Rahuri 413 722, Ahmednagar, Maharashtra, India)
A N e w K a b u l i C h i c k p e a " V i h a r " for
South I n d i a
Sadasivam S and Manikam A. 1992. Biochemical methods.
New Delhi, India: Wiley Eastern Ltd. 190 pp.
Sotelo A, Flores F and Hernandez M. 1987. Chemical
composition and nutritional value of Maxican varieties of
chickpea (Cicer arietinum L . ) . Plant Foods Human Nutrition
37(4):299-306.
Steel Robert GD and Torrie JH. 1980. Principles and
procedures of statistics. A biometrical approach, 2nd edn. New
Delhi, India: McGraw H i l l Kogakusha Ltd. 155 pp.
Viveros A, Brenes A, Elices R, Arija I and Canales R. 2001.
Nutritional value of raw and autoclaved kabuli and desi chickpea
(Cicer arietinum L.) . British Plant Science 42(2):242-51.
The analysis of variance for chemical constituents of
the chickpea varieties revealed significant differences for
o i l , protein, ash, crude fiber, i ron and energy content
among the varieties. M a x i m u m protein content was
observed in variety Dohad Y e l l o w (19.9%). However , its
methionine content (0 .48%) was the lowest. Across the
varieties, there was no significant difference in total
carbohydrates, calcium, phosphorus and anti-nutri t ional
factor such as tannin. H i g h fat and carbohydrate makes
variety Pusa 267 a good source of energy (Table 1)
besides its h igh protein content. There was a wide range
of crude fiber content, a non-nutritional constituent required
for maintenance of good health, (1.81 to 8.18%) that was
lower than that of the Mexican chickpea (9 .1%) reported
earlier (Sotelo et al. 1987). It was also reported that
cooking diminished only the ash content and the Mexican
variety Poranero was only one that had a h igh amount of
crude fiber, as far as the varieties evaluated global ly .
A significant variat ion in the ash content of different
chickpea varieties was also prevalent. I ron content
differed significantly among the varieties studied.
M a x i m u m i ron content was observed in the variety GCP
106 (0.59%). Pusa 267 had the max imum methionine
percent (0.83%). Wide range of tannin content, the anti-
nutritional factors, had been found in most of the legumes.
Tannins, w h i c h reduce the digest ibi l i ty of proteins, were
found to be the highest in GCP 9605 (1.38%).
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Prakasam district, the southern part of Andhra Pradesh
state has about 100,000 ha under rainfed black soils. In
the last few decades, the major crops in this farming
situation were tobacco and cotton. D u r i n g 2000-2001 ,
due to declaration of crop holiday for tobacco, there has
been a shift f rom tobacco crop to chickpea (Cicer 
arietinum L . ) , and now chickpea occupies 67 percent of
the rainfed black soils. Most farmers in the district grow a 
desi chickpea variety Annige r i . To increase the net
income of the farmer, the Distr ict Agr icul tura l Advisory
and Transfer of Technology Centre, Ongole, A P , India,
initiated testing of two kabul i chickpea varieties K A K 2 
and I C C V 2 along w i t h the popular cult ivar Anniger i in
the farmers' fields (dur ing 2001-2002 and 2002-2003) .
Each variety was sown in an area of about 500 m2 replicated
f ive times in Randomized B lock Design ( R B D ) .
The sowings were done dur ing the first fortnight of
November and the crop was harvested dur ing the first
fortnight of February. The seed was sown w i t h seed d r i l l
and in each plot the plant populat ion was approximately
33 plants m -2 A fertilizer dose of 20 kg N and 50 kg P2O5
per hectare was applied as basal dose in the form of urea
and single super phosphate. A l l the operations dur ing the
crop growth period such as seed treatment w i t h fungicides,
weeding at 30 days after sowing, and plant protection
measures were fo l lowed for the management of pod
borers, v i z , Helicoverpa armigera, Spodoptera exegua. 
T Srinivas', MC Obaiah and SP Moula (District Agri-
cultural Advisory and Transfer of Technology Centre,
Acharya NG Ranga Agricultural University, AMC
Compound, Throvagunta PO, Ongole 523 262, Andhra
Pradesh, India)
*Corresponding author: vasuthumati28@yahoo.co.in
P e r f o r m a n c e o f K a b u l i C h i c k p e a
C u l t i v a r K A K 2 i n R a i n f e d B l a c k Soils
o f P r a k a s a m Distr ict , A n d h r a Pradesh,
I n d i a
fusarium w i l t sick plot at Rahuri ( T a b l e 3 ) . In addit ion,
this variety showed least pod borer damage (12.19%)
than I C C V 2 (18.97%) and L 550 (17.10%), showing
high degree of tolerance to Helicoverpa. 
The Central Var ie ty Release Committee, N e w D e l h i ,
identified this variety for cul t ivat ion in south zone in
December 2002. This variety is expected to f u l f i l l the
demand of Indian market for extra bold seed size.
Table 1. Yie ld and ancillary characters of ' V i h a r ' .
Character
Yield (t ha-1)
Height (cm)
Number of branches/plant
Flower color
Duration of flowering (days)
Maturity period (days)
Test weight in g (100 seeds)
Color of seed
1.81
35-43
6-9
Whitish
38-43
105-115
34-36
Creamy white
Table 2. Percent increase in yield of 'Vihar' over standard
control cultivars.
Variety Yield (kg ha-1)
Vihar (17)1 1811 
ICCV 2 (10) 1490
K A K 2 (5) 1357
BG 1003 (11) 943
Increase over (%)
-
21.54
33.46
92.05
1. Figures in parentheses indicate number of tr ials.
Table 3. Reaction of 'Vihar' to fusarium wilt and Helicoverpa 
armigera (1997-2003).
Genotypes Wilt (%)
Vihar 7.04
ICCV 2 35.72
L 550 77.90
K A K 2 13.98
BG 1003 37.98
JG 62 100.00
Pod borer (%)
12.19
18.97
17.10
-
-
-
2002 under the name ' V i h a r ' . The important features of
this variety are g iven in Table 1.
Typ ica l ly , in 17 trials conducted at different locations,
Viha r has g iven average grain y i e ld of 1811 kg ha - 1 as
against 1490 kg ha - 1 o f I C C V 2 , 1357 kg ha - 1 o f K A K 2 ,
and 943 kg ha - 1 of BG 1003 (Table 2) . Thus, the increase
in yields over the three controls were 21.54, 33.46 and
92.05 percent, respectively.
The grain y i e l d in A g r o n o m y t r ia l revealed that
' V i h a r ' was signif icantly superior under irrigated (3241
kg ha-1) and rainfed (1070 kg ha-1) conditions as
compared to other genotypes.
The variety has shown high resistance to fusarium w i l t
(7 .04%) as against 35.72% in check I C C V 2, 77.90% in
L 550 and 13.98% in K A K 2 over 5-year per iod in
simi lar seed size. The number of pod plant -1 and yields of
I C C V 2 were signi f icant ly less compared to Ann iger i and
K A K 2 dur ing both the years (Tab le1 ) .
The cost benef i t ratios were calculated based on the
market pr ice dur ing the test years ( T a b l e 2 ) . Due to
higher cost of seed, the cost of cu l t ivat ion was h igh for
K A K 2 and I C C V 2 compared to desi chickpea varieties.
The highest net returns were obtained w i t h K A K 2 (Rs
39,263 dur ing 2001 -02 and Rs 46,615 dur ing 2002-03)
fo l l owed by Ann ige r i . The cost benefi t rat io for K A K 2 
was 1:2.49 dur ing 2001-02 and 1:3.02 dur ing 2002-03 .
The I C C V 2 gave least net returns due to poor y ields.
Though the y ie ld differences were not much between
Ann ige r i and K A K 2, the h igh relat ive net returns were
The data on plant height and number of pods per plant
were recorded on ten plants selected at random in each
plot . Seed y ie ld and 100-seed weight were recorded for
each p lot . The cost benefi t ratios for a l l the cult ivars were
calculated for both the years by using the f o l l ow ing
formula:
Cost benefi t rat io (C :B ) = 
The cul t ivar K A K 2 gave the highest y ie ld in both the
years (2.75 t ha -1 dur ing 2001-2002 and 2.82 t ha -1 dur ing
2002-2003) wh i le I C C V 2 gave the lowest y ields. The
100-seed weight was also s igni f icant ly higher in K A K 2 
as compared to that of Ann iger i and I C C V 2 wh i ch had
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Table 2. Cost benefit particulars of chickpea varieties grown under rainfed conditions in black soils of Prakasam district of
Andhra Pradesh, 2001-2002 and 2002-2003 seasons.
Parameters
Yield (t ha1)
Market rate in Rs per kg
Gross returns (Rs)
Total cost of cultivation (Rs)
Net returns (Rs)
Cost benefit ratio
2001-2002
K A K 2 
2.75
20.00
55000
15737
39263
1:2.49
ICCV 2 
1.65
18.00
29700
13827
15873
1:1.15
Annigeri
2.40
14.50
34800
13337
21463
1:1.61
2002-2003
K A K 2 
2.82
22.00
62040
15425
46615
1:3.02
ICCV 2 
1.58
20.00
31600
13515
18085
1:1.34
Annigeri
2.34
15.00
35100
13025
22075
1:1.69
Table 1. Performance of chickpea varieties under rainfed condition in black soils of Prakasam district of Andhra Pradesh,
2001-2002 and 2002-2003.
Year
2001-2002
SEd±
CD at 5%
CV(%)
2002-2003
SEd±
CD at 5%
CV(%)
Variety
K A K 2 
ICCV 2 
Annigeri
K A K 2 
ICCV 2 
Annigeri
Plant height
(cm)
57.0
41.5
41.0
55.8
40.0
39.2
Number of pods
plant -1
95.0
32.5
68.0
82.0
28.0
63.4
Yield
(t ha-1)
2.75
1.65
2.40
0.058
0.16
14.3
2.82
1.58
2.34
0.061
0.17
16.8
100-seed weight
(g)
39.2
25.0
24.3
0.602
1.67
12.4
38.2
24.5
23.3
0.555
1.54
14.5
Table 1. Reaction of chickpea genotypes to Fusarium wilt (FW) and Ascochyta blight (AB).
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
Genotype
H92-67 (1996-97 to 1999-2000)*
H00-256(2000-01 to 2003-04)*
H97-93(2000-01 to 2003-04)*
H00-216 (2001-02 to 2003-04)*
HO 1-07(2001-02 to 2003-04)*
H01-08 (2001-02 to 2003-04)*
H01-09 (2001-02 to 2003-04)*
H01-10 (2001-02 to 2003-04)*
HO 1-67(2001-02 to 2003-04)*
H01-74 (2001-02 to 2003-04)*
H01-79 (2001-02 to 2003-04)*
H01-80 (2001-02 to 2003-04)*
H00-02 (2000-01 to 2002-03)*
H00-126 (2000-01 to 2002-03)*
H00-249 (2000-01 to 2002-03)*
JG 62(1996-97 to 2003-04)*
Mixture of L 550 & Pb 7 (1996-97
to 2003-04)*
Pedigree
(GG 588 x H81-73) x 
(BG 257 x H81-73)
HC -1 x C. reticulatum 
HC -1 x E 100 Ym
DCP92-3 x PDG 84 -16
DCP92-3 x PDG 84 -16
DCP92-3 x PDG 84 -16
(HC-1 x NARC 9006) x NARC 9006
(HC-1 x NARC 9006) x NARC 9006
(H 91 - 40 x H 91-38) x H 91 - 38
HC -3 x GIGAS
HC-3 x NARC 9006
H 92-68 x NARC 9006
HC -1 x H 91 - 37
(H 94-67 x H 92-67)x NARC 9006
HC -1 x C. reticulatum 
Check (not available)
Check (not available)
Average yield
(kg ha-1)
2264
2116
2033
2142
2139
2168
2070
2129
2180
2146
2164
2014
2112
2234
1995
Nil
Ni l
Disease reaction
FW (%) A B ( 1-9 Scale)
0-4.6
0 -4.4
0-9.0
0-6.7
0-6.7
1.66-3.7
1.69-4.2
3.92-9.5
0 - 9.1
0 9.6
0-8.1
0-27.6
3.3-26.1
6.8-17.9
4.3- 11.36
100
8-9
3-5
3-5
7-9
7-9
8-9
8-9
8-9
3-5
6-8
3-5
3-5
3-5
3-4
3-5
-
8-9
* Year of testing.
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fusarium w i l t is the common root disease, wh ich cause
heavy losses. A m o n g fol iar diseases, ascochyta bl ight is
the most important disease and its occurrence can
completely destroy the crop. Ascochyta bl ight is more
prevalent in humid and sub-tropical climates. These
diseases are the major l im i t ing factors for higher
product ion and stable performance. There is a need to
develop h igh y ie ld ing genotypes w i t h combined
resistance to these diseases. Genetic var iabi l i ty exists
among chickpea genotypes for resistance to one or more
different diseases (Gaur et al . 1992; Haware et al. 1994).
However , a few genotypes exhibi t mul t ip le resistance to
two or all the major diseases (Singh and Har i Chand
1996). Such genotypes can ensure higher product iv i ty
and stable performance across the various g rowing
condit ions and environments.
Fifteen h igh y ie ld ing chickpea genotypes and two
control cult ivars, v iz , JG 62 for w i l t and a mixture of L 
550 and Pb 7 for ascochyta bl ight (Table 1), were
screened for w i l t plant mortal i ty (%) in w i l t sick plots and
for ascochyta b l ight in separate f ields. Each genotype
was sown in a 2.5 m row w i t h inter-row spacing of 30 cm
and plant-to-plant spacing of 10 cm, mixture of L 550 and
Pb 7 was used as the susceptible control after every two
test genotypes throughout the f ield for ascochyta bl ight
obtained w i t h K A K 2 (Rs 17,800 dur ing 2001-2002 and
Rs 24,540 dur ing 2002-2003) due to h igh market price
for K A K 2 produce. F rom the results i t is clear that,
kabul i var iety K A K 2 can be cult ivated by the farmers in
rainfed black soils of Prakasam distr ict so as to obtain
highest net returns.
A c k n o w l e d g m e n t s : The authors are h igh ly grateful for
the support g iven by Dr A Satyanarayana, Director of
Extension, A N G R A U , Hyderabad, A P , India.
I d e n t i f i c a t i o n o f C h i c k p e a G e n o t y p e s
w i t h C o m b i n e d R e s i s t a n c e t o A s c o c h y t a
B l i g h t a n d F u s a r i u m W i l t
RS Waldia*, BPS Mal ik , Har i Chand, VS Lather,
IS Solanki and Ram Kumar Yadav (Department of
Plant Breeding, Chaudhary Charan Singh Haryana
Agricultural University, Hisar 125 004, India)
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Chickpea is main ly cult ivated as rainfed crop and is
grown on residual moisture. In such environments,
Nalini Mallikarjuna1, Deepak Jadhav1, Heather
Clarke2, Clarice Coyne3 and Fred Muehlbauer3
( 1 . ICRISAT, Patancheru, India; 2. Centre for Legumes in
Mediterranean Agriculture, University of Western
Australia; 3. USDA-ARS, Washington State University,
Pullman, Washington 99164-6434, USA)
The value of haploids in genetics and plant breeding has
been k n o w n for a long t ime. Natural haploid embryos and
plants have been described in about 100 species of
angiosperms, and documented in detail by Kimber and
Riley (1963). However, haploids occur rarely in nature.
Doubled haploids are equivalent to inbred lines, w i t h
normal fert i l i ty, retaining the advantage of homozygosity,
which by conventional program of producing pure lines
w o u l d require 6-7 generations of selfing to achieve a 
satisfactory level of homozygosi ty.
Three pr incipal methods of haploid production
include 1. parthenogenesis, 2. wide crosses -
chromosome e l iminat ion, and 3. haploid plants from
anther/ovule culture. In the first method of haploid
production, haploids arise f rom both an unferti l ized egg
and from a male gamete. Gynogenetic haploids arise as a 
result of st imulation of the unfert i l ized egg, and in a few
cases the offsprings resembled the male parent and hence
were thought to have originated f rom the pol len (Clausen
and Laments 1929; K o s t o f f 1929; Rhoades 1948). The
doubled haploid method used in barley, is an example of
preferential chromosome el iminat ion in the cross
between barley and Hordeum bulbosum, where the
chromosomes of H. bulbosum were gradually eliminated.
In that method, a cross is made between cult ivated barley
(Hordeum vulgare) and H. bulbosum. D u r i n g embryo
development, the chromosomes of H. bulbosum are
gradually el iminated result ing in haploid plants
(Subrahmanyam and Kasha 1973). The chromosome
el iminat ion phenomenon is quite prevalent among wide
crosses between wheat and H. bulbosum as w e l l (Barclay
1975). A more recent procedure to produce haploid
plants is by anther culture/microspore culture (Maheshwari
1996; Guha and Maheshwari 1966; Melchers 1972). The
culture of anthers or microspores gives rise to haploid
plants whose chromosomes can be doubled by suitable
treatment to produce homozygous d ip lo id plants. Later
Rangan (1994) and Kel le r and K o r z u n (1996) reported
parthenogenesis of the egg in culture.
Gaur RB, Maheshwari RV and Verma RS. 1992. Evaluation
of chickpea cultivars for resistance to ascochyta blight under
artificial conditions I I . Screening of breeding material.
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Haware M P , Narayana Rao J, Hari Chand. Ghanekar AM
and Jalali BL. 1994. Multilocational testing of chickpea for
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Singh Rang Pal and Hari Chand. 1996. Identification of
multiple disease resistance in chickpea at Hisar, Haryana, India.
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screening and JG 62 after every two test genotypes
throughout the fields for w i l t screening. Ascochyta rabiei 
was mul t ip l i ed on chickpea flour agar medium at 20± 1°C
for 20 days for inoculat ion. At the f lower ing stage, when
the average environmental temperature was 18-20oC, the
crop was inoculated w i t h a spore suspension containing
approximately 30000 spore mL -1 water. H i g h humidi ty
was maintained w i t h perfo-irr igat ion up to three weeks
after the inoculat ion. Disease score was recorded 30 days
after inoculation on 1-9 scale (1 = no infection and 9 = 
completely k i l led) . Whereas for w i l t , the material was
planted in w i l t sick plot maintained at the Pulses
Research Area, Chaudhary Charan Singh Haryana
Agr icu l tu ra l Univers i ty (CCS H A U ) , Hisar. The disease
reactions for genotypes at Sr. N o . 1 to 3 were tested for 4 
years and for the rest for 3 years (Tab le1) . The genotype,
H92-67, H97-93, H00-216, H00-256, H01-07, H01-08,
H01-09, H01-10, H01-67, H01-74 and H01-79, were
resistant to w i l t (< 10% mor ta l i ty) , whereas, H00-02,
H00-126, H00-249 and H01-80 were resistant to
ascochyta b l ight (3 to 5 score). H97-93, H00-256, H 0 1 -
67 and H01-79 were resistant to w i l t and ascochyta
bl ight . It is suggested that the genotypes w h i c h provide
resistance to more than one disease should be used as
donor parents to transfer resistance to adapted promising
genotypes for higher productivity and stable performance.
I n d u c t i o n of Androgenesis as a 
Consequence o f W i d e Cross ing
i n C h i c k p e a
12 ICPN 12, 2005
A Fragile buds from the cross C. arietinum x C. pinnatifidum. 
B & C anther bundle and anthers from the cross C. areitinum x C. pinnatifidum. 
D A normal pollen grain undergoing the microsporogenesis.
E A multicellular pollen grain from the hybrid.
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from plant to plant. Percent androgenic pol len grains varied
f rom 0 -100%. Plant no. 8, 11 and 12 (Table 1) d id not
have any androgenic pol len grains, whereas in plant no.
14 and 16, al l the pol len grains were androgenic, or in other
words had multicellular microspores. The number of cells
in mul t ice l lu lar microspores in plant no. 14 and 16 varied
f rom 8 -10 (F ig . 1E) unl ike 4 - 6 cells in mul t ice l lu lar
microspores in other hybr id plants w h i c h had androgenic
microspores.
This is the first report in literature wherein mul t ice l lu lar
microspores have been consistently produced as a result
of w ide crossing. W ide crosses are not only important in
gene transfer f rom w i l d species but also in the product ion
of haploid plants by in vitro culture of anthers w i t h
mul t ice l lu lar microspores.
Next logical step wou ld be to explore the feasibi l i ty of
androgenesis f rom wide crosses, for rapid development
of homozygous lines.
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Chickpea procedures for developing haploid plants
have not been reported, and induct ion of androgenesis by
anther culture is of a very low frequency (Mal l i kar juna,
personal observation). Androgenesis was observed in a 
w ide cross of Cicer arietinum x C. pinnatifidum. Hybr ids
between C. arietinum x C. pinnatifidum were obtained
after rescuing the hybr id embryos in v i t ro. The hybr ids
were in i t ia l ly devoid of any ch lorophy l l p igment and
were albinos. U p o n continuous culture in a zeatin-r ich
medium and in the presence of l ight , the hybrids turned
semi-green (Mal l ikar juna 1999). Hyb r id shoots were
grafted to chickpea root stocks to obtain hybr id plants.
None of the hybr id plants f lowered. When the nutr ient
solut ion w i th zeatin (1 m g / L ) was added, f lower buds
were observed on the hybr id plants. Flower buds were
fragi le, albino to semi-green, but w i t h normal
morphology (F ig . 1A) . Anthers (Figs. 1B and 1C) were
squashed in acetocarmine and div is ions were observed in
some of the microspores (F ig . 1E). The number of
div is ions varied f rom 4 - 6 . A d d i n g nutr ient solut ion w i t h
zeatin (1 mg /L ) to in v i vo g rown chickpea plants d id not
induce divis ions in the microspores.
A total of 16 hybr id plants were obtained. The number
of microspores/pollen grains in an anther varied f r om 1 1 -
151 compared to more than 500 pollen grains in cul t ivated
chickpea. The number of pollen grains, which had undergone
microsporogenesis and induct ion of androgenesis, varied
Table 1. Androgenic response in interspecifc incompatible cross Cicer arietinum x C. pinnatifidum. 
Plant
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Total
microspores
57
122
73
46
28
27
83
86
151
31
35
74
43
16
65
11
No. Normal
microspores
43
109
73
18
23
12
51
86
143
12
35
74
36
0
62
0
No. Androgenic
microspores (%)
14 (25)
13(11)
0
28(61)
5(18)
15(56)
32 (39)
0
8(5)
19(61)
0
0
7(16)
16(100)
3 (5)
11 (100)
Maximum no. of
cells in a microspore
3-4
3-4
2-4
4-6
2-4
2-4
4-6
2-4
2-4
8-10
8-10
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Ethiopia is the largest chickpea g rowing country in
Afr ica , w i t h a share of about 37% in area and 48% in
production. Dur ing 2003/2004, Ethiopia produced
195,800 t of chickpea from an area of 176,554 ha
( F A O S T A T 2004). There has been an increase of about Figure 1. Seed of kabuli chickpea variety Chefe.
Chefe ( I C C V 92318) - A N e w K a b u l i
C h i c k p e a V a r i e t y for Eth iop ia
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10% in the area and 4 2 % in the production of chickpea
during the past decade (1994/95 to 2003/04). Most of the
chickpea production is used for domestic consumption.
However, there has been a substantial export of chickpea
by Ethiopia during the past five years, w i th the highest of
48,549 t (valued at US$14.7 mi l l ion ) during 2002
( F A O S T A T 2004).
The Debre Zeit Agr icul tura l Research Center
( D Z A R C ) is the premier institute for chickpea research in
Ethiopia. It has collaborated w i th the International Crops
Research Institute for the Semi-Ar id Tropics ( I C R l S A T ) ,
Patancheru, India, and the International Center for
Agr icu l tura l Research in the Dry Areas ( I C A R D A ) ,
Aleppo, Syria, in chickpea improvement and released
eight chickpea varieties in Ethiopia. Of these, three (DZ 
10-4, DZ 10-11, and Dubie) were developed from its own
breeding materials, four (Mariye, Worku, Akaki and
Shasho) from the breeding materials supplied by
l C R I S A T , and one (Arer t i ) from the breeding materials
supplied by I C A R D A . Three of these varieties ( D Z 10-4,
Shasho and Arer t i ) are kabuli type and the remaining are
desi type.
The Ethiopian chickpea production is predominated
by desi chickpea (about 95%). However, in recent years,
there has been an increase in the interest of farmers in
growing large-seeded kabuli varieties due to their higher
price in the market. The market price for one ton kabuli 
chickpea currently varies from 3000 to 4000 Bi r r
(US$344 to 459) depending on the seed size, whi le the
desi chickpea is sold at about 2000 B i r r (US$230). The
first kabuli chickpea variety released in Ethiopia (year
1974) was DZ 10-4 w i th a very small seed size (10-11 g 
100 seed-1) and is now almost out of cult ivation. The
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other t w o kabu l i variet ies, A re r t i and Shasho, w i t h
medium (26 g 100-seed-1) and large seeds (30 g 100-seed1),
respectively were released in 1999.
I C C V 92318, a breeding l ine developed from a 3-way
cross ( I C C V 2 x Surutato) x ICC 7344 at I C R I S A T ,
Patancheru, was received by D Z A R C f rom I C R I S A T
along w i t h many other advanced breeding l ines. A f te r
pre l iminary y i e l d evaluat ion at the stat ion, i t was selected
for mul t i locat ion evaluat ion a long w i t h the controls DZ
10-4 ( local check) and Arerti (standard check). The tr ials
were conducted at seven locations each dur ing 1999/
2000 and 2000/2001 and at four locations dur ing 2 0 0 1 /
2002. The overal l average y ie ld o f I C C V 92318 was
2546 kg ha - 1 against 2864 kg ha - 1 fo r the standard check
Arerti and 2093 kg ha - 1 fo r the local check DZ 10-4
(Table 1). Though I C C V 92318 was not superior to
Arerti in y i e ld , i t was selected fo r release p r imar i l y
because of its attractive and larger (35 g 100-seed-1) seeds
(F ig . 1) as compared to Arerti (26 g 100-seed-1) and h igh
resistance to fusar ium w i l t . I t was released as " C h e f e " in
2004 by the Na t iona l Var ie ty Release Commi t tee . Chefe
is one o f the research stations o f D Z A R C where chickpea
produc t iv i t y is a lways very h igh .
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A h igh preference by farmers was observed for the
new var iety Chefe dur ing on- farm trials because of its
large pods. We presume that the increased pr ice in the
internat ional market for the large-seeded kabuli varieties
w i l l help in faster adopt ion of the var iety. A l so there is a 
large market for chickpea immature fresh seeds, for
human consumpt ion in Eth iop ia and large-seeded
varieties are preferred for this purpose. Thus, the new
variety also has potent ial for this local market. Eth iop ian
Seed Enterprise and pr ivate commerc ia l farmers are
mu l t i p l y i ng this var iety for fur ther d is t r ibut ion as seed
and also fo r export .
Acknowledgment. We are thankfu l to Canadian
Internat ional Development Agency ( C I D A ) for fund ing
the project " I m p r o v i n g income of farmers in eastern
A f r i c a through increased chickpea y i e l d " dur ing 2000 to
2003 under the CGIAR-Canada L inkage Fund ( C C L F ) .
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Table 1. Mean seed yield (kg ha-1) of chickpea variety ( ICCV 92318) as compared to standard check (Arerti) and local check
(DZ-10-4) across locations and over years.
Variety
1999/2000
ICCV 92318
Arerti
DZ 10-4
2000/2001
ICCV 92318
Arerti
DZ 10-4
2001/2002
ICCV 92318
Arerti
DZ 10-4
Over all mean
ICCV 92318
Arerti
DZ 10-4
Minjar
1231
1728
501
2739
3804
3173
1247
1397
1066
1594
2310
1580
Debre
Zeit Akaki
3274 4778
3844 4608
2057 3892
3513 3861
3730 4054
3997 2913
1493 2749
1791 2953
1069 1329
2760 3798
3122 3872
2374
Chefe
Donsa
3129
3091
2614
3542
4321
3524
-
-
-
3336
3706
3069
Location
Enewari
1879
1669
1790
2794
3320
2580
-
-
-
2337
2495
2185
Adet
2515
3867
3338
1543
1426
1455
-
-
-
2029
2647
2397
Sirinka
3117
1989
1519
-
-
-
-
-
3117
1989
1519
Ambo
-
-
-
2010
2915
1469
-
-
-
2010
2915
1469
Arsi
Negale
-
-
-
-
-
-
2499
2875
1754
2499
2875
1754
Mean
2784
2971
2244
2858
3367
2730
1997
2254
1305
2546
2864
2093
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L e a f a n d P o d C h a r a c t e r s a s Selection
C r i t e r i a for Large -Seeded Kabuli 
C h i c k p e a
JS Sandhu, SK Gupta, Pritpal Singh, TS Bains and
Ajinder Kaur (Department of Plant Breeding, Genetics
and Biotechnology, Punjab Agricultural University,
Ludhiana 141 004, Punjab, India)
Large seed size is a p remium trait of kabuli chickpea
because of consumer's preference. Hence, large-seeded
kabulis are sold at higher price in the market. Large
var ia t ion (8 g to 75 g 100 - seed-1) has been recorded for
this character in global germplasm (Singh and Saxena
1999). Mos t of the released cultivars of kabuli chickpea
have a seed weight of 20-25 g 100-seed-1, except five
recently released cultivars namely K A K 2 , B G 1053, B G
1003, J K G 1 and Phule G 95311 . Efforts are being made
to develop the cultivars w i t h more than 30 g 100 seed-1.
Selection for most of the characters in the segregating
generations is made visual ly based on the morphologica l
traits. The advantage of this practice is that the selection
of ind iv idua l plant is based on a number of desirable
traits. On the other hand, selection for seed size is carried
out after the crop harvest. Thus, some morphologica l
traits need to be identif ied w h i c h may be used as markers
for large seed size w h i l e selection is practised for other
traits in segregating generations. This w i l l help identify
the plants superior in number of traits simultaneously in
the field itself. Keeping this in v i ew , an attempt has been
made in this study to correlate the leaf and pod characters
w i t h seed size in kabuli genotypes.
The material consisted of 12 kabuli genotypes, g r o w n
in 6 row plots w i t h r o w length of 4 m and rows spaced at
30 cm, in a randomized block design w i t h three replications
dur ing the crop season 2003-04 . Observations were
recorded on five plants on each genotype in a l l
replications, for plant height (cm), pr imary branches
plant -1, leaf length (cm) , leaf breadth ( cm) , leaflets leaf-1,
leaflet length (cm) , pods plant -1, pod length (cm) , pod
circumference (cm) , days to f lower, days to matur i ty ,
seed y i e l d p l a n t - 1 (g) and 100-seed weight (g) . Lea f length
and breadth were measured at the center of a branch. The
central leaflets of these leaves were used for measuring
the length of the leaflets. Pod characteristics such as pod
length and pod circumference were recorded using
vernier caliper. Correlations were estimated on replicated
data f o l l o w i n g the methodology o f Dewey and Lu (1959).
The range and mean values showed that w ide variat ion
(Table1) was available for characters under study. The leaflet
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number was least variable w h i l e leaflet length showed the
m a x i m u m var iab i l i ty . Pod characters, pod length and pod
circumference also had h igh var iab i l i ty . The phenotypic
correlations among leaf, pod and seed components
revealed that l ea f length, leaflet length and pod
circumference had a posi t ive and significant correlat ion
w i t h 100-seed weigh t (Table 2). A l l these three v isual ly
observable morphologica l characters were also
posi t ive ly correlated w i t h each other, indica t ing that
these were the most important components of 100-seed
weight . A m o n g these three traits, leaf length had strong
posi t ive significant correlat ion (r = 0.69) w i t h 100-seed
weight . In a s imilar study of 106 desi and kabuli 
genotypes, Dahiya et a l . (1988) found leaf length, leaflet
length and leaflet w i d t h to be s ignif icant ly and posi t ively
correlated to 100-seed weigh t and concluded that the
leaflet w i d t h was a predictor for seed characteristics.
It was concluded that easily observable morphologica l
traits such as leaf length, leaflet length, pod length and
pod circumference, could be used as a selection cr i ter ion
for the large-seeded kabuli chickpea.
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L o w T e m p e r a t u r e Effects o n E a r l y
M a t u r i n g C h i c k p e a G e n o t y p e I C C V
9 6 0 2 9
Agronomy/Physiology environmental condit ions is shown in T a b l e 1 . L igh t
intensity (as photosynthetic photon f lux density; PPFD)
at mid-day ranged between 800 - 1100 mol m -2 s -1 and
1300-2200 m o l m - 2 s-1 in glasshouse and f ield
condi t ions, respectively. Observations on the fate of
f lowers (retent ion or abort ion) at di f ferent temperatures
of f ield as we l l as glasshouse were recorded by tagging
the f lowers everyday in 25 plants and f o l l o w i n g them
precisely for abort ion or pod set dur ing this per iod. These
observations were correlated w i t h dai ly temperature
prof i les of December and January. Observations on
growth and y ie ld were recorded on plants (50 in each
case) g row ing in the contrasting environments. Data were
subjected to t-test using S I G M A S T A T software ( U S A ) .
The FD plants as compared to the GH plants showed
marked reduct ion in plant height as we l l as delayed
vegetative and reproduct ive g rowth in terms of days to
f l ower ing , days to podd ing, days to pod matur i ty and
days to crop matur i ty ( T a b l e 2 ) , whereas the number of
pr imary branches (basal) increased markedly in the
former. The durat ion o f f l ower ing d id not d i f fe r
s igni f icant ly between the two condit ions whereas
durat ion o f podd ing was reduced s igni f icant ly in the FD
plants. The total number of f lowers produced plant - 1 in
FD plants dur ing the season was almost threefold o f GH
plants, but the f loral retention was s igni f icant ly more in
the latter. Though pod set was s igni f icant ly lower in the
FD plants than in the GH plants, the former showed
appreciably more pod retent ion. A l l the traits
contr ibut ing to y ie ld , ie, pods plant -1, average pod weight ,
seeds p lan t 1 , seed weight plant -1, average seed weight , 1 -
seeded pods, 2-seeded pods, were markedly h igh in FD
plants than in GH ones. There was no dif ference between
the numbers of in fer t i le pods in the two environments.
One of the peculiari t ies observed in the FD plants was
the appearance of anthocyanins in the pedicels of
f lowers, w h i c h was in contrast to the GH plants. The FD
grown plants had an average of 30 single f lowers plant - 1
w i t h purple pedicel ( 4 3 % o f total f l owe rs ) wh i le GH
plants had no such f lowers but had 14.4 single f lowers
plant - 1 w i t h green pedicel ( 6 0 % o f total f lowers) (Table
L o w temperatures (< 10°C) are detrimental for reproduct iv e
growth of chickpea (Cicer arietinum L.) and induce
abort ion of f lowers, pods, impaired seed g rowth and
reduced y ie ld (Srinivasan et a l . 1999; Nayyar et a l .
2005). Since the reproduct ive phase of early matur ing
genotypes coincides w i t h the co ld spells of northern
region of India, they are expected to face vary ing degree
of ch i l l i ng stress depending upon the intensity and
durat ion o f low temperature. L o w temperatures may
induce anthocyanins that may a l low the plant to develop
resistance against stress possibly by improv ing sugar
translocation in stressed tissues and act ing as ant i -
oxidants (Chalker-Scott 1999). In the present study, we
assessed the performance of an early matur ing chickpea
genotype I C C V 96029 under two contrasting temperature
environments - l ow temperature condi t ions of the f ield
and warm condit ions of the glasshouse - in order to
assess the ch i l l i ng damage, i f any. I t was hypothesized
that co ld migh t l im i t the y ie ld potent ial of plants as
compared to those g row ing under wa rm condit ions.
A super early matur ing chickpea genotype I C C V
96029 (seeds procured f rom P A U , Ludhiana) was g rown
in pots (30 cm height, 25 cm diameter, 14.72 L vo lume)
dur ing the f i rs t week o f November (2003) under l ow
temperature condi t ions in the f ield ( F D ) as we l l as under
wa rm condi t ions o f the glasshouse ( G H ) . Temperature
prof i le dur ing g rowth season under both the
Table 1. Average maximum and minimum temperature (°C) in  warm (glasshouse) and cold (field) conditions.
Environment
Warm
Cold
Nov.
Max M i n
30 15
25 10
Dec.
Max M i n
25 15
20 8 
Jan.
Max M in
25 15
17 7 
Feb.
Max M i n
30 15
23 10
March
Max M in
38 25
32 17
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Table 3. Observations per plant (Mean ± SEM) on single and double flowers as well as pod set under warm and cold
conditions.
Parameters
Total flowers during the season
Single flower with green pedicel
Single flower with purple pedicel
Double flowers*
Double flowers with both green pedicels
Double flowers with purple and green pedicel
Pod set in Single flower with green pedicel
Pod set in single flower with purple pedicel
Pod set in double flowers with both green pedicels
Pod set in double flowers with purple and green pedicel
Warm
23.8 ± 1.0
14.4 ± 0.75
0
4.7 ± 0.63
4.7 ± 0.63
0
8.6 ±0.75
(60 %)
0
4.0 ±0.57
(85 %)
0
Cold
69.2 ± 1.0
0
30.0 ± 0.80
19.6 ± 0.75
0
19.6 ±0.75
0
24.5 ± 0.98
(82%)
0
7.8 ± 0.75
(40%)
*Refers to a pair of f lowers on a peduncle
Di f ferences between warm and co ld treatments are s igni f icant at P<0.05 (t-test).
Table 2. Growth and yield traits per plant (Mean ± SEM) in I C C V 96029 under warm and cold conditions.
Parameters
Plant height (cm; at 60 *DAS)
No. of basal primary branches (at 100 DAS)
Days to flowering (DAS)
Flowering duration (days)
Days to podding (DAS)
Podding duration
Days to pod maturity (DAS)
Days to crop maturity (DAS)
Total flowers produced during the season
Total flowers abscised during the season
Floral retention (%)
Pod set (%)
Pod retention (%)
No. of Pods
Average Pod wt. (g)
No. of seeds
One-seeded pods
Two-seeded pods
Infertile pods
Seed yield plant"' (g)
Average seed wt. (g)
Warm
51.9 ± 1.8
1.4±0.17
37.8 ± 1.5
63.6 ± 1.5
48.2 ± 1.8
62.4 ± 1.9
92.0 ± 3.2 
113 ± 2.6
23.8 ± 4.9
9.4 ± 1.3
60.5 ± 2.5
44.4 ± 0.8
44.0 ± 2.4
4.4 ± 0.7
1.0±0.1
4.0 ± 0.7
2.8 ± 0.6
1.5 ±0 .17
2.0 ± 0.3
0.6 ± 0.11
0.18 ±0.02
Cold
33.4 ± 1.5
6.0 ± 0.69
59.7 ± 1.6
65.3 ± 1.8 NS
93.6 ± 3.2 
49.2 ± 2.3
120.0 ±2 .7
138 ± 2.8
69.2 ± 4.4
46.0 ± 2.0
33.6 ±2 .2
35.4± 1.3
58.9 ± 2.2
14.4 ± 1.3
3.2 ± 0.3
15.6 ± 1.2
10.0 ± 1.4
2.8 ± 0.34
1.4 ± 0.3 NS
2.7 ± 0.4
0.18 ± 0.03
* D A S - d a y s after sow ing
Dif ferences between warm and cold treatments are s igni f icant at P<0.05 (t- test); NS-non-s ign i f icant .
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Plate 1. Cold-induced abnormalities; A - Flowers with purple and green pedicel under cold conditions; B - Flower with green pedicel
aborts while the other one sets pod; C - Pod abortion in green pedicel and normal pod in purple pedicel; D - normal pod set by both the
flowers under warm conditions.
3). The double flowers in FD plants (19.6 plant -1) had one
green and another purple pedicel ( 57% of total flowers)
unlike in GH plants (4.7 plant -1), w h i c h had both green
pedicels ( 4 0 % of total f lowers) (Plate 1 A; Table 2). The
flower w i t h purple pedicel emerges earlier than the other
w i t h green pedicel. These flowers set pods according to
the temperature o f the environment. At temperature o f 2 -
11°C, both types of flowers abort whi l e at temperature
between 12-20 o C, the flower w i t h purple pedicel sets
pods and the other w i t h green pedicel aborts and gets
abscised (Plate 1B ; Table 2). The green type also shows
abnormal g rowth and cannot complete its development in
FD plants. Dis tor t ion of flower and its organs may also
occur in green type as twisted anthers leading to impaired
fert i l izat ion and pod abortion. Depending upon the stage
of cold exposure, the flowers w i t h green pedicel may
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either get abscised at bud or at anthesis stage. At 15-30°C
condit ions of the glasshouse, both the flowers set pods
w i t h higher intensity (Plate 1D; Table 2) , whereas under
cold conditions of the f ie ld , on ly f lowers w i t h purple
pedicel are able to set pods and those w i t h green pedicels
abort leading to reduction in pod set (Table 2). Purple
colorat ion in pedicels i s because of accumulat ion of
anthocyanins, w h i c h have been suggested to impart co ld
tolerance in several plant species (Chalker-Scott 1999)
that also appears to be substantiated by the present
f indings. Since, this pattern was prevalent on ly in the FD
plants, cold- induced restrictions in photosynthesis and in
preferential mob i l i za t ion of photosynthates towards the
flowers hav ing purple pedicel may be some of the key
causative factors related to this var ia t ion (Nayyar et a l .
2005). Anthocyanins are indicated to assist in sugar
translocation in stressed tissues and may thus protect the
purple flowers f rom abort ion due to stress-induced
starvation (Chalker-Scott 1999). A d d i t i o n a l l y , being
antioxidants, they may protect the oxidat ive damage to
stressed tissues. The exact mechanisms by w h i c h
anthocyanins protect the cold-stressed tissues remain to
be probed and are being investigated by us. Nevertheless,
these f indings indicate that anthocyanins accumulat ion
can be employed as reliable marker in screening for co ld -
tolerance in chickpea.
The present f indings indicated that in spite of
reduction in vegetative g rowth and delay in onset of
subsequent g rowth phases, cold conditions d id not appear
to inh ib i t the y i e l d potential o f this genotype. The FD
plants as compared to the GH plants compensated their
reduced plant height by increasing the number of
branches. Though co ld condit ions caused damage to the
flowering phase, the plants produced more flowers and
consequently higher number of pods as the field
temperature increased in February. On the other hand,
w a r m condit ions throughout the g r o w t h season proved to
be relat ively much inh ib i to ry for y i e ld , w h i c h was in
contrast to our hypothesis. A d d i t i o n a l testing of plant
response to intermediate temperature treatment may be
needed to conf i rm the co ld compensation of I C C V 96029.
It is concluded that I C C V 96029 possesses h igh ly
effective yield compensation mechanisms to face the c h i l l i n g
condit ions. Accumula t i on of anthocyanins in the pedicels
of flowers may be exploi ted as a screening trai t in studies
on co ld tolerance. In-depth studies are underway to probe
the mechanisms related to the differential effects of the
temperature.
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Chickpea in India is usually g r o w n on well-conserved
soil moisture. Though soi l moisture depletes much after
the harvest of preceding crop, wh ich necessitates the pre-
sowing i r r iga t ion . Besides, i m p r o v i n g physical-chemical
and b io logica l properties o f soi l , F Y M also enhances
water-holding capacity of the soi l . Sulphur is essential for
the synthesis of protein, v i t amin and S-containing amino
acids. I t promotes roots and nodule development in
legumes. Therefore, proper management of i r r iga t ion ,
F Y M and sulphur, is essential for increasing the qual i ty
and produc t iv i ty o f chickpea.
A f ie ld experiment was conducted at the Regional
Sugarcane Research Station, A n a n d Agr i cu l tu ra l
Univers i ty , Thasra, on sandy clay loam soi l dur ing rabi
season of the year 2002-2003 . The soi l was l o w in
organic matter (0 .37%) and ni trogen (0 .032%), m e d i u m
in available P (32.5 kg ha-1) and h igh in available K (296
kg ha-1) w i t h pH 7.9. The experiment was conducted in
spl i t -plot design w i t h four replications, comprised o f t w o
levels o f i r r iga t ion and F Y M each i n m a i n plots and three
levels of sulphur in sub plots. The crop (variety I C C C 4)
was sown in rows 30 cm apart w i t h 60 kg seed ha-1. One
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pre-sowing i r r igat ion of 100 mm depth was g iven before
the layout was done and later on one i r r iga t ion was g iven
at flowering as per treatment (60 mm depth). The crop
was sown on 31 October 2002, and harvested on 1 M a r c h
2003 and 7 M a r c h 2003 for the treatments of on ly pre-
sowing i r r igat ion and i r r igat ion at pre-sowing plus
f lower ing stage, respectively. N was applied in the fo rm
of urea, whereas P and S were applied in the form of
d iammonium phosphate and gypsum, respectively. N 
content in seeds was estimated by micro-kje ldhal ' s
method (Jackson 1973). Protein content in seeds was
calculated by m u l t i p l y i n g N-content of seed (%) w i t h the
conversion factor of 6.25. Sulphur content in seed was
estimated by Turbidmetr ic method (Chaudhary and
Cornf ie ld 1966). N, P, K and S contents in soi l samples
were determined through procedures described by
Jackson (1973). Soi l moisture at 30 cm depth on
f lower ing (50 D A S ) and pod development (90 D A S )
stages were recorded in each treatment w i t h T D R soi l
moisture meter.
There was a significant effect of i r r iga t ion on g rowth ,
y i e ld attributes, y i e ld and quali ty of chickpea ( T a b l e 1 ) .
App l i ca t ion of t w o irrigations each at pre-sowing and at
f lower ing stage recorded s ignif icant ly higher number of
branches per plant, number of pods per plant, grain and
straw yields. Similar results were also observed by
Sharma (1994). Qual i ty parameters such as protein and
sulphur contents in grain were also higher under t w o
irrigations. The postharvest available soil nutrients such
as N, K2O and S, were unaffected due to irrigation schedule,
wh i l e postharvest available P2O5 was s ignif icant ly higher
under I , (Table 1). Mois tu re content in soil a t f lower ing
stage (50 D A S ) and at pod development stage (90 D A S )
differed significantly due to irr igation treatments and these
were recorded considerably higher under I 1 than under I 0
treatment.
Number of branches per plant increased due to
applicat ion o f F Y M . This resulted i n more number o f
pods per plant, test weight and thereby more grain and
straw yields. The protein content also improved
signif icant ly, whereas sulphur content in grain was
unaffected. Further, the F Y M application increased the
moisture retention of soi l and the postharvest available
soi l ni t rogen and phosphorus. Ava i lab le soil potassium
and sulphur content d id not differ much. F Y M
signif icantly improved the soi l moisture content recorded
at f l ower ing and pod development stages.
Sulphur applicat ion in chickpea had important effect
on almost a l l attributes. Number of branches and number
of pods per plant as w e l l as total gra in and straw yields
improved up to S1 (20 kg S ha-1), but was at par w i t h S2
Table 2. Moisture content (v/v) in soil as influenced by I x F 
interaction
Moisture content (v/v)
At flowering stage
Treatment (50 DAS)
Irrigation (1) F0 F1
l0 62.2 74.2
l1 70.3 77.2
CD (P = 0.05) 3.4
At pod development
stage (90 DAS)
Fo F1
35.6 42.0
51.5 54.9
1.3
(40 kg S ha-1). App l i ca t ion of sulphur @ 40 kg ha - 1
recorded higher protein and sulphur contents than in
grain w i t h 20 and 0 kg S ha -1 (Tab le1 ) . The differences in
postharvest available nutrients such as ni t rogen,
phosphorus and potassium, were not observed due to
sulphur applicat ion, wh i l e , the postharvest S content was
higher under 40 kg S ha -1 than in 20 and 0 kg S ha-1.
Further, moisture content in soil at f lower ing stage (50
D A S ) was higher in plots at 40 kg S ha-1, wh i l e , at pod
development stage (90 D A S ) , it was unaffected due to
sulphur applicat ion (Ram Har i and D w i v e d i 1992).
As regards to effect o f i r r iga t ion x F Y M interaction
(Table 2) w i t h respect to moisture content in soil at pod
development stage (90 D A S ) , the combinat ion I1F1
showed higher moisture content than in the other
treatment combinations, wh i l e , at f lower ing stage (50
D A S ) , moisture content remained at par due to w i t h or
wi thou t applicat ion o f i r r iga t ion i n presence o f F Y M . The
applicat ion o f F Y M improved the moisture content a t
f l ower ing (50 D A S ) and pod development stages (90
D A S ) even in the absence or presence of i r r iga t ion . This
migh t be due to organic manure 's ( F Y M ) role to improve
the physical condi t ion of the soi l and increase the water-
h o l d i n g capacity o f the so i l .
Conclusion
It could be inferred from the present study that applicat ion
of t w o irr igations (one at pre-sowing and second at
f l ower ing stage) w i t h the applicat ion of F Y M @ 10
tonnes and sulphur 20 kg ha - 1 can increase the y i e l d of
chickpea.
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Chickpea (Cicer arietinum L . ) occupies a unique posi t ion
in pulse crops due to its seed protein content and wide
adaptability as a food grain. India contributes to about
80% o f the total w o r l d product ion o f chickpea. A l though ,
a valuable source of protein, chickpea is k n o w n to
synthesize certain ant i -nutr i t ional factors such as
polyphenols , w h i c h cause damage to intestinal tract and
lowers feed efficiency in animals. However , these
polyphenols can be w h o l l y or part ly removed by
processing (Singh 1988). Soaking seeds is one such
method of processing and this note is intended towards i t .
Seeds o f varieties o f chickpea, v iz . , B G D 237, S A K I
93130 and ICC 11320, were procured f rom the Pulse
Research Station, A l a n d , Gulbarga, Karnataka, India.
The seeds were soaked in dis t i l led water for 6, 12 and 18
h, and in 2% solut ion of ci t r ic acid, sodium bicarbonate
and mixed salt solut ion (MSS) of 1.5% sodium
bicarbonate, 0 .5% sodium carbonate and 0.75% ci tr ic
acid for 18 h at room temperature. Polyphenols were
determined in tr ipl icate of a l l treated seed samples by
method of Fo l in and Denis (1915).
Soaking of chickpea seeds resulted in significant loss
of polyphenols in a l l the three varieties. Greater losses
were observed when the seeds were soaked in MSS
(Table 1). Deshpande and Cheryan (1985) have reported
similar losses in polyphenols for d ry bean (Phaseolus
vulgaris) seeds when soaked in d is t i l led water, sodium
bicarbonate and MSS. Nearly 50% reduction in polyphenols
of chickpea due to overnight soaking in water is reported
by Rao and Deosthale (1982) . The losses resul t ing from
soaking may be due to leaching out of polyphenols into
the soaking media. The phenolic compounds have been
detected in leacheates of chickpea seeds by Rajkumar et
S Paramjyothi and B Anjali (Department of Biochemistry,
Gulbarga University, Gulbarga 585 106, Karnataka, India)
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Table 1. Effect of soaking seeds on loss of polyphenols of chickpea.
Treatment
Raw untreated seeds
Soaked Seeds
DH2O
6 h
12 h 
18 h 
2% Citric acid
18 h 
2% Sodium bicarbonate
18 h 
2% MSS
18 h 
Polyphenols (mg/100 g)
BGD 237
29.33 ± 0.57
26.70 ±0 .61
(9.01)
18.32 ±0.63
(37.5)
16.00 ±0 .10
(45.4)
14.00 ± 1.02
(52.3)
13.70 ±0.61
(53.3)
11.27 ± 1.09
(61.6)
SAKI 93130
51.68 ± 0.54
44.53 ± 0.84
(13.8)
34.88 ± 0.98
(32.6)
25.50 ± 0.57
(50.7)
24.33 ± 1.75
(52.9)
22.16 ±0 .57
(57.2)
20.25 ± 0.43
(60.9)
ICC 11320
46.00 ± 0.86
41.58 ±0.55
(9.6)
34.38 ± 1.73
(25.3)
27.35 ± 1.30
(40.6)
25.25 ± 0.26
(45.2)
19.00 ± 1.02
(58.7)
15.92 ± 1.13
(65.4)
Values are mean ± standard deviat ion of t r ip l icate determination. Values in the parentheses denote percent reduction over cont ro l .
al. (1979). The greater losses observed as a result of
soaking in MSS or sodium bicarbonate may be due to the
effect of these chemicals in creating an ionic environment.
Under such condit ions, changes in seed coat permeabil i ty
may be much greater and rapid thus a l lowing higher losses.
It may be concluded from this attempt that soaking
chickpea seeds is the most simple and inexpensive
method for b r ing ing significant reduction in polyphenols.
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Chickpea, Cicer arietinum L . , is a drought tolerant
leguminous crop used in various foods in several
developing countries, part icularly in India as a source of
dietary protein. There is a b i g gap between the y ie ld
realized in experimental station (2200 kg ha-1) and the
farm y i e ld (1274 kg ha-1) in Andhra Pradesh. The major
constraints responsible for this untapped y ie ld potential
are inappropriate product ion practices, v i z , usage of l o w
y ie ld ing and non-responsive genotypes, pest and disease
problems, lack of stress-resistant h igh-yie ld ing genotypes,
lack of improved soil and crop management practices and
lack of appropriate inst i tut ional support.
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Increased C h i c k p e a Y i e l d a n d Economic
Benefits b y I m p r o v e d C r o p Produc t ion
Technology i n R a i n f e d A r e a s o f K u r n o o l
Di s t r i c t o f A n d h r a Pradesh , I n d i a
The International Crops Research Insti tute for the
Semi -Ar id Tropics ( I C R I S A T ) and the Government o f
A n d h r a Pradesh have ini t ia ted the A n d h r a Pradesh Rural
L i v e l i h o o d Project ( A P R L P ) to help reduce rura l pover ty
by increasing agricul tural p roduc t iv i ty and i m p r o v i n g
l ive l ihood opportunities through technical backstopping
and convergence through a consort ium of insti tutions.
Watersheds were used as an entry point for research and
development activit ies.
Nandavaram and J i l le l la vi l lages of Banaganapalle
mandal in Kurnool district of Andhra Pradesh were selected
for undertaking on-farm research. Systematically collected
soi l samples from th i r ty farmers' fields in Nandavaram
and J i l le l la watersheds on a toposequence were analyzed
for physical and b io log ica l parameters and various
nutrients. The soi l analysis indicated that the fields in the
t w o watersheds were l o w in N (496 and 333 mg kg - 1 soi l ) ,
l o w to med ium in available P (5.71 and 2.72 mg kg - 1 soi l)
(Olsen's P), h igh in exchangeable K (223 and 178 mg kg -
1
 soi l ) , and l o w in available Zn (0.39 and 0.24 mg kg - 1
soi l) , S (7.52 and 4.09 mg kg -1 soi l ) and B (0.5 and 0.45
mg kg - 1 soil). This cr i t ical information aided in ident i fy ing
better options to improve the chickpea y i e l d levels and
for sustaining natural resources.
Sixteen on-farm trials in 2002 and nine trials in 2003
were conducted dur ing the postrainy season w i t h the
objective to demonstrate the beneficial effects of
improved product ion technologies over farmers practice.
Improved product ion technology was compared w i t h the
farmers' method in an area of 1000 m 2 in each of the
farmers' f ie lds. The improved technology package
included improved cul t ivar ( I C C C 37), a seed rate of 60
kg ha-1, seed treatment w i t h th i ram (3 g kg -1 seed),
inocula t ion w i t h rhizobium, a fert i l izer dose of 20 kg N 
and 50 kg P2O5 ha-1, basal appl icat ion of micro-nutr ient
mix ture of 5 kg borax (0.5 kg B ha -1), 50 kg zinc sulphate
(10 kg Zn ha-1) and 200 kg gypsum (30 kg S ha-1) per
hectare together w i t h need-based pest and disease control
measures. T w o inter-cul t ivat ions at 25 and 50 days after
sowing to control weeds was taken up. One insecticide
spray was g iven at pod format ion stage to cont ro l pod
borers. The fanners ' method included a local var iety, a 
seed rate of 50 kg ha - 1 and a fer t i l izer dose of 14 kg N and
35 kg P2O5 ha-1. Entire dose of N and P was applied as
basal. The amount of ra infa l l f rom June to December was
708 mm dur ing 2002 and 504 mm dur ing 2003. The data
was analyzed separately for bo th years considering
farmers as replications us ing one-way A N O V A w i t h
randomized blocks on GenStat. Subsequently, pooled
analysis of t w o year 's data was carried out us ing t w o - w a y
A N O V A . The analysis o f variance indicated that
26 ICPN 12, 2005
ICPN 12, 2005 27
Sachdev P, Chatterjee SR and Deb DL. 1992. Seed yield,
harvest index, protein content and amino acid composition of
chickpea as affected by sulphur and micronutriets. Annals of
Agricultural Research 13:7-11.
Shinde PB and Mane DA. 1996. Influence of balanced
fertilizer application in improving yield of Bengal gram. Page
24 in Strategies for increasing pulses production in
Maharashtra (Wanjari K B , Raut BT and Potdukhe SR, eds.).
Directorate of Research, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola, Maharashtra, India.
Tamboli BD, Kadu PP, Patil TIN, Patil Y M , Somawanshi
RB and Sonar K R . 1996. Fertilizer recommendations for
desired yields of chickpea on Vertisols. Page 24 in Strategies
for increasing pulses production in Maharashtra (Wanjari K B ,
Raut BT and Potdukhe SR, eds.). Directorate of Research, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola, Maharashtra,
India.
Thiyagarajan T M , Backiyavathy MR and Savithri P. 2003.
Nutrient management for p u l s e s - a review. Agricultural
Reviews 24:40-48.
References
improved the y ie ld of chickpea by 47 percent and
monetary returns by Rs 7676 (US$171) per hectare over
control . The results f rom the current study clearly brought
out the potential of improved product ion technology in
enhancing chickpea product ion and economic gains in
the dry ecoregions of Andhra Pradesh.
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management practices ( improved crop product ion
technology and farmers practice) differed signif icantly in
both years (P=<0.001-0.008) , as w e l l as in the combined
analysis (P=<0.001). The year and year x management
were non-significant (data not given) .
The improved product ion technology gave higher
grain yields and recorded a mean y i e ld of 2.09 t ha -1
w h i c h was 53% higher than that obtained w i t h farmers'
practice yields of 1.37 t ha -1 (Table 1). The increased
grain y ie ld w i t h improved product ion technology was
mainly because of increased total dry matter, higher 100-
grain weight and harvest index (Table 2) . Y i e l d increase
in response to fert i l izer recommendations was also
reported by Tambo l i et a l . (1996).
The economic v i ab i l i t y of improved technology over
the traditional farmers' practice was calculated depending
on prevai l ing prices of input and output costs. The
addit ional cost of US$56 ha - 1 (Table 1) incurred in the
improved technology as compared to farmers practice
was main ly due to balanced fer t i l izat ion (micro-nutrients
and addit ional N and P), addit ional seed cost, seed
treatment, I P M and one addit ional in ter-cul t ivat ion.
However , the improved technology resulted in increased
mean income of US$190 w i t h a cost-benefit ratio of 2.9
(Table 1). This addi t ional income cou ld substantially
benefit the resource poor farmers and improve their
l ivel ihoods i n the dry regions o f K u r n o o l distr ict o f
Andhra Pradesh. Thiyagarajan et a l . (2003) reported that
the use o f sulphur and micronutrients ( Z n , B , Mo and Fe)
improved produc t iv i ty of pulse crops considerably.
Balanced nu t r i t ion is indispensable for achieving higher
produc t iv i ty . Sachdev et a l . (1992) obtained increased
grain y i e l d and harvest index of chickpea due to balanced
fer t i l izat ion. Shinde and Mane (1996) reported that the
balanced applicat ion of fertilizers based on so i l testing
Table 2. Yield components of chickpea in on-farm trials, Nandavaram and Jillella watersheds, Kurnool district, Andhra
Pradesh, postrainy season 2002 and 2003.
Total dry matter (t ha-1)
Cultivation method 2002
Improved Production technology 3.76
Farmers' practice 2.83
SE+ 0.12
C V % 14.6
LSD(5%) 0.36
2003
3.85
2.74
0.08
7.5
0.27
Pooled
3.80
2.80
0.08
12.6
0.24
100 grain weight (g)
2002
18.93
17.22
0.34
7.5
1.02
2003
19.41
17.74
0.34
5.4
1.10
Pooled
19.10
17.41
0.25
6.8
0.73
Harvest Index
2002
0.57
0.50
0.01
8.9
0.04
2003
0.53
0.47
0.01
8.0
0.04
Pooled
0.55
0.49
0.01
8.6
0.03
either on agar plus Murashige & Skoog (1962) Salt
M i x t u r e ( M 5 5 2 4 , Sigma, S t Louis , MO U S A ) o r on agar
(D i f co Bacto agar, Fisher Scientific, U S A ) medium
alone. The culture vessels (Magenta G A - 7 - 3 , Sigma, St
Louis , MO U S A ) were then placed under cool -whi te
fluorescent l ights un t i l radicle emergence. Plantlets were
left on agar un t i l the shoots were between 2-5 cm long.
An experiment was conducted to test the effects of
Murashige and Skoog (1962) mineral nutrients plus agar
vs. unamended agar on germinat ion. The percentage
germinat ion was similar; however, MS nutrient amended
agar reduced root g rowth (data not shown).
The vessels containing the plantlets were then
part ia l ly opened to begin a 2 or 3 day accl imation at
lower relative humid i ty . Plantlets were then pul led from
the agar and their roots dipped in a fungicidal slurry
(Captan, Gustafson, Plano, TX U S A ) before transplanting
to 18 cm flats (Rootrainers, Hummer t , Earth C i ty , MO
U S A ) f i l l e d w i t h soil-less plant ing m i x (Sunshine M i x
Aggregate Plus Blend #4, SunGro, Bellevue, WA U S A )
w i t h added coarse perlite (#2 sieve, Therm-o-rock,
Chandler, AZ U S A ) . The planted flats were moved to a 
humidi ty -cont ro l led chamber constructed on a 
greenhouse bench. Plastic sheeting, 6 7 % l ight-reducing
shade fabric ( P A K W o v e n Shade Fabric, Hummert , Earth
Ci ty , MO U S A ) and a humidi f ie r ( M o d e l 500, Hummert ,
St. Louis , MO U S A ) were used to maintain a cooler
atmosphere w i t h constant relative humid i ty . In i t i a l
humid i ty settings were between 7 5 - 8 0 % w i t h a steady
decline to approximately 50% over the course of 4 to 5 
days. The seedlings were able to tolerate the ambient
humid i ty after five days and were moved to an open
greenhouse bench covered w i t h shade fabric. The
greenhouse condit ions were 21°C day/15.5°C night
temperature, no humid i ty control , and 16 h day length.
The Cicer plants were retained there for a few weeks
and the plants grew robust enough to withstand the
outdoor condit ions. Later, the plants were moved to an
outdoor lathe house to harden the seedlings for at least
t w o weeks before p lant ing in the f ield. The seedlings
were hand-planted on either side of a central i r r iga t ion
dr ip l ine w i t h emitters next to each plant.
This procedure provided un i fo rm germinat ion of most
of the perennial Cicer accessions, except C. montbretii 
(Table 1). Aseptic germinat ion of perennial chickpea on
water agar is a fast and efficient method to provide a 
un i fo rm set of transplants for f ield regenerations, and
also to offer sufficient un i fo rm seedlings for replicated
screenings to detect resistance to biot ic and/or abiotic
stresses. Once established, graf t ing may also be useful in
supplying plants for resistance testing experiments (Chen
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The germplasm col lect ion at the U S D A A R S National
Plant Germplasm System includes chickpea that consists
of cul t ivated Cicer arietinum accessions containing
genetic diversi ty immediately accessible for breeding,
and w i l d Cicer species that may be of importance in the
future as sources of genes for resistance to biot ic and
abiotic stresses. The w i l d Cicer species in the col lec t ion
include 113 accessions of seven annual w i l d Cicer 
species and 59 accessions of 13 perennial Cicer species
(available online a t www.ars -g r in .gov /npgs) . At U S D A -
A R S , located in Pul lman, WA U S A , in earlier years, seed
aeration technique was used to promote germinat ion in
perennial Cicer species. N Kameswara Rao has used in
vitro germinat ion on water agar to un i fo rmly germinate
annual w i l d Cicer species (personal communicat ion
2000).
In the present study, an in vitro germinat ion method
was examined as an alternative method to provide un i fo rm
germinat ion of the perennial species w i t h the goal of
establishing a nursery for regeneration and evaluation of
inter- and intra-accession genetic var iab i l i ty . Twen ty -
eight accessions of nine perennial species were surface
disinfested, scarified, and cultured under sterile conditions
on water agar. The average germinat ion of 25 accessions
of eight species was 8 2 % in 2001 w i t h a range of 43 to
100%. T w o accessions of C. montbretii failed to germinate
in vitro. In 2002, an addit ional 13 accessions were
successfully germinated w i t h the same method (data not
shown) and three accessions of C. montbretii fa i led to
germinate on water agar.
Seeds to be germinated were surface disinfested w i t h a 
30 sec d ip in 9 5 % ethanol fo l l owed by 10 m i n in 0.6%
N a C I O ( 1 0 0 % commercial bleach) w i t h drops o f the
detergent Tween 80 (Sigma, St. Louis , MO U S A ) . Af te r
surface disinfestations, the seeds were soaked in sterile
water for 1-5 days, or un t i l they soften enough to scarify
using a sterile scalpel. Scarified seed were then placed
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A m e t h o d for g e r m i n a t i n g p e r e n n i a l
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et al . 2004). As reported by Kaiser et a l . (1997) , co ld
treatment f o l l owed by aeration of C. montbretti seed in
fresh water fai led to promote germinat ion. At I C R I S A T ,
Patancheru, India, seedlings of C. montbretii were rout inely
established f o l l o w i n g normal germinat ion procedures.
(Anonymous communicat ion) , and plants of C.
montbretti were established at Pu l lman, WA U S A , in the
early 1990s us ing an unpubl ished germinat ion procedure
(Hel l ie r , personal communicat ion) . Further research is
needed to improve surface disinfestat ion of the seed to
reduce losses f r o m fungal and bacterial contaminat ion
(rotted seed), and compare this method w i th (1) aeration in
fresh water and (2) ICRISAT procedures in germinat ion
ef f ic iency and ef f icacy. A technique to achieve seed
germinat ion in C. montbretii has to be developed.
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Table 1. Results of aseptic germination of perennial Cicer species on water agar after seed surface disinfestation and
scarification at USDA-ARS, Pullman, in 2001.
Accession
Number
PI 383626
PI 561078
PI 599087
PI 557453
PI 599079
PI 599080
PI 599081
PI 532928
PI 593718
PI 593719
PI 599061
PI 599082
PI 599083
PI 599084
PI 599088
PI 599089
PI 599093
PI 599085
W6 11516
PI 561084
PI 561103
PI 599053
PI 504550
PI 510657
PI 510664
PI 599090
PI 599091
Genus
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Cicer
Species
anatolicum
anatolicum
anatolicum
canariense
macracanthum
macracanthum
macracanthum
microphyllum
microphyllum
microphyllum
microphyllum
microphyllum
microphyllum
microphyllum
microphyllum
microphyllum
microphyllum
multijugum
multijugum
oxyodon
oxyodon
songaricum
yamashitae
yamashitae
yamashitae
montbretii
monthretii
Seed
quantity
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
Germinated
24
14
17
13
23
28
25
27
28
27
27
29
30
27
24
29
28
27
30
27
25
13
28
30
21
0
0
%
Germinated
80.0%
46.7%
56.7%
43.3%
76.7%
93.3%
83.3%
90.0%
93.3%
90.0%
90.0%
96.7%
100.0%
90.0%
80.0%
96.7%
93.3%
90.0%
100.0%
90.0%
83.3%
43.3%
93.3%
100.0%
70.0%
0.0%
0.0%
Number
Rotted1
4
8
3
0
2
1
2
3
0
1
1
0
0
0
2
0
0
0
0
0
1
0
1
0
1
%
Rotted
13.3%
26.7%
10.0%
0.0%
6.7%
3.3%
6.7%
10.0%
0.0%
3.3%
3.3%
0.0%
0.0%
0.0%
6.7%
0.0%
0.0%
0.0%
0.0%
0.0%
3.3%
0.0%
3.3%
0.0%
3.3%
1. Seed was scored as rotted if contaminated in vitro w i t h a micro-organism, usual ly fungal or bacterial in appearance.
Figure 1. Inhibition zone produced by the ethyl acetate extract of Arachniotus sp and benlate against F. oxysporum f. sp. ciceris. 
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M o r e than 50 pathogens of chickpeas have been reported
in different part of the w o r l d (Nene 1980), but the most
important of them are ascochyta b l ight and fusarium w i l t .
Chickpea w i l t caused by Fusarium oxysporum Schlecht.
emnd Synd. & Hans. f. sp. ciceris (Padwick) Matuo and
K Sato, (FOC) , is reported from all areas of chickpea
cul t iva t ion in the w o r l d . Bo th the diseases are reported to
cause substantial y i e ld losses to the crop (Ha l i l a et al .
1984) and are h ighly influenced by environmental
condit ions, being prevalent in warm and dry
environments. In Pakistan, w i l t is a major problem in
Tha l area where most of the chickpea crop is cult ivated.
Due to the absence of true resistance in chickpea against
Iftikhar A Khan1, S Sarwar Alam1.* , M Sarwar1,
M Jahangir Iqbal3 and Abdul Jabbar2 (1 . Nuclear
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Islamia University, Bahawalpur, Pakistan; 3. University
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A n t i f u n g a l Metabo l i t e s f r o m Arachniotus 
sp for the C o n t r o l o f W i l t Disease o f
C h i c k p e a
w i l t disease and a continuous problem of the occurrence/
development of new pathogenic races (Jimenez-Diaz et
al . 1989), it has become very d i f f icu l t to overcome the
y i e ld losses. Arachniotus sp has successfully been used
as bio-control agent for the control of w i l t (Ansar et al.
1996a,b) and other diseases of chickpea in f ie ld
conditions (Saleem et al. 2000). The bioactive metabolites
from antagonistic micro-organisms can be successfully
used to control the mic rob ia l diseases (Momose et al .
1998).
Fungal metabolites were produced by the procedure
reported by Khan et al (2001). Arachniotus sp (whi te
isolate) was g r o w n on l i qu id min ima l medium (100 m L )
taken in roux bottles for 14 days in dark at 25°C. The
culture filtrates (85 m L ) was harvested by f i l te r ing and
squeezing the contents of the bottles through musl in cloth
( A l a m and Khan 1996), pH of the culture filtrates was
adjusted to 3.0 using dilute hydrochlor ic acid and then
extracted in ha l f the volume of ethyl acetate three times.
E thy l acetate phase was dried over anhydrous sodium
sulphate and then concentrated on rotary evaporator to
dryness and the contents were dissolved in 1.0 ml of
ethanol ( A l a m and Strange 1992). Ant i - funga l assay
against a virulent w i l t causing isolate of Fusarium 
oxysporum f. sp. ciceris, 2012 (Khan et al . 2002) was
done by disc diffusion method as described by Jacoby
and Archer (1991). E thy l acetate extracts (50 m l ) was
poured in the metall ic w e l l (1.0 cm outer diameter)
placed in the center of pre-inoculated P D A plates
(inoculated w i t h 5 0 m l o f spore suspension o f 1 x 1 0 4
Pathology
Table 1. Effect of ethyl acetate phase of Arachniotus sp. and benlate on the colony growth of F. oxysporum f. sp.
ciceris.
S.No.
I .
2.
3.
Treatment * Inhibition zone (cm)
EtoAc Phase (50 l) of Arachniotus sp 2.1±0.115
Benlate (1000 ppm) 3.2±0.00
Control 0.0±0.00
Percent inhibition
3 0 %
4 6 %
0.0 % 
Inner diameter of the petr i dish was 7.0 cm.
*mean of the three replications
spores/ml of F O C isolate) in three replicates. Ethanol (50
m l ) was used as control , wh i l e benlate (1000 ppm) was
also tested as reference fungicide. The plates were incubated
at 25°C for 7 days and the act ivi ty was determined by
measuring the diameter of i nh ib i t i on zones produced.
The bioassay revealed that the ethyl acetate phase of
Arachniotus sp produced inh ib i t ion zones against F.
oxysporum f. sp. ciceris isolate ( F i g . 1 ) . Benlate solut ion
produced 3.2 cm average inh ib i to ry zone ( 4 6 % inh ib i t ion
as compared to control) at 1000 ppm concentration,
wh i l e 2.1 cm average zones ( 3 0 % inh ib i t ion) were
produced by the e thyl acetate extract of Arachniotus sp at
50 ml concentration, w h i c h was equivalent to 4.25 ml of
culture fi l trates, against the FOC isolate (Tab le1 ) . On the
other hand, the ac t iv i ty produced by 4.25 ml of culture
filtrates of Arachniotus sp is equivalent to 625 p p m of
benlate. No inh ib i t ion zones were produced by the
control treatments. Results concluded that the metabolites
produced by Arachniotus sp. were active against F.
oxysporum f. sp. ciceris and may be used to manage w i l t
disease either by seed treatment or through soil treatments.
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Heavy infestation of both root -knot nematode and w i l t
fungus on common host chickpea has a synergistic effect
in the farmers ' f ields around Al lahabad. The present
invest igation was carried out under pot t r ia l in a 
glasshouse w i t h the objective to manage the disease
complex through ecofriendly methods. The management
components for this were fungal bioagents (Paecilomyces 
lilacinus and Trichoderma viride), V A - M y c o r r h i z a l and
neem oilseed cake under glasshouse condi t ion . On
uproot ing the affected chickpea plants from the affected
farmers ' fields w i t h heavy infect ion of root galls, the
presence of w i l t fungus, Fusarium oxysporum f. sp.
ciceri, and galls of root -knot nematode, Meloidogyne 
incognita (Race-1) was conf i rmed. A pre l iminary pot
t r ia l w i t h both M. incognita and F. oxysporum f. sp. ciceri 
on chickpea (cv H-108) conf i rmed synergistic effect on
the host. This prel iminary tr ial for establishment of disease
complex w i t h the above pathogens was done in 15-cm
earthen pots f i l led w i t h sandy loam soi l in September
2003.
On establishment of the disease complex, the
management experiment was carried out. The simulta-
neously inoculated treatment showing synergistic effect
was taken as control w i t h each of the treatments where
management components were t r ied ( T a b l e 1 ) . The w o r k
was carried out w i t h neem oilseed cake, fungal bioagents
and vesicular-arbuscular mycorrhizas (Glomus 
fasciculatum). Whi le the last component of the management
t r i a l , ie, V A M was isolated f rom the affected chickpea
field; the t w o fungal bioagents and the neem oilseed cake
were procured f rom fungal bioagents laboratory in the
D i v i s i o n o f Nematology. A l l the three management
components were tested i nd iv idua l l y as w e l l as
col lec t ive ly in 15-cm earthen pots f i l led w i t h autoclaved
sandy loam so i l , t o each o f w h i c h bo th the pathogens (M
incognita + Fusarium oxysporum f. sp. ciceri) were
g iven pr ior treatment simultaneously as cont ro l (M. 
incognita + Fusarium oxysporum f. sp. ciceri, T a b l e s 1
and 2). A week before sowing of seeds, inoculations of
M. incognita 2 larvae/g soi l was done w h i l e about 100
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M a n a g e m e n t o f roo t k n o t n e m a t o d e
a n d f u s a r i u m w i l t disease complex b y
f u n g a l bioagents, n e e m oilseed cake
a n d / o r V A - M y c o r r h i z a o n chickpea
chlamydospores of G fasciculatum were added to each
of the M y c o r r h i z a l treatments. T w o weeks pr ior to
sowing, the dosage of neem oilseed cake was 0.5% w / w .
B o t h the fungal bioagents were appl ied to respective
treatment in each pot a long w i t h sowing of chickpea
seeds in talc based formulations w i t h spore load of
12x108/g. Adequate control const i tut ing al l the
components (Tab les1 and 2) were also maintained.
The observations w i t h respect to plant g r o w t h
parameters, y i e ld , number of nodules and also
ch lo rophy l l contents of each treatment were recorded
after 90 days of f inal inoculat ion along w i t h the
populat ion of root knot nematode, w i l t percentage,
mycor rh iza l colonizat ion percentage in root and also the
populat ion o f V A M chlamydospores. Thus, i n general, a s
is clear from Tables 1 and 2, there is a significant
improvement of plant g r o w t h parameters and also the
reduction in the disease incidence inc lud ing suppression
of M. incognita popula t ion in the treatments where more
than one management component was used. The best
performance, however, among the combined treatments
was observed in the treatment const i tut ing V A M , oilseed
cake and both bioagents together fo l lowed by the
treatment w i t h V A M coupled w i t h both bioagents. For
years, attempts have been made to reduce the disease
incidence through combinat ion of either oil-seed cake
and nematicide. References are available where either
oilseed cake and nematicides (Singh 1965) or oilseed
cake and fungal bioagents were applied, and the dual
applicat ion of botanical antagonist w i t h o i l seed cake
were noted. The present investigation focuses on more
than t w o management components for t w o plant
pathogens, i.e., root knot nematode and w i l t fungus, both
infect ing common host chickpea. The cumulat ive effect
of neem oilseed cake, G. fasciculatum and both fungal
bioagents in reduced dose exhibi ted most p romis ing
results in reducing root knot nematode popula t ion and
also the intensity of the w i l t fungus (Table 1). The same
treatment also revealed an outstanding improvement in
plant v igor , w h i c h is s ignif icant ly superior to oilseed
cake treatment.
The discovery o f an excellent recovery o f chickpea
plants from both M. incognita and F. oxysporum f. sp.
ciceri is attributed to the j o i n t reaction of neem oilseed
cake, w h i c h possesses both fungicidal (S ingh and Singh
1970) and nematicidal properties (Goswami and Swarup
1972). This is supplemented w i t h the biopest icidal
properties of bo th the fungal bioagents used w i t h the
g r o w t h hormonal character of T. viride (Chang et a l .
1986). V A M , w h i c h i n general occur abundantly around
the rhizosphere of pulse crops ( A l l e n 1991), is also
Table 1. Effect of G. fasciculatum, T. viride, P. lilacinus, neem oil-seed cake individually and together on disease complex
caused by root-knot nematode and wilt fungus, with respect to plant growth characters, chlorophyll content, yield and test
weight of chickpea.
Treatment
Glomus fasciculatum + C (N+F)
T. viride + C 
P. lilacinus + C 
Neem oilseed cake + C 
G. fasciculatum + T. viride + C 
G. fasciculatum + P. lilacinus + C 
G. fasciculatum + Neem oilseed
cake + C 
G. fasciculatum + T. viride + 
P. lilacinus + C 
G fasciculatum + T. viride + 
P. lilacinus + Neem oilseed cake + C 
Control (N + F)
CD at 5%
Shoot
length
(cm)
25.8
23.3
22.2
20.7
38.6
37.5
39.7
41.6
44.9
16.5
2.20
Shoot
weight
(g)
21.8
19.3
17.6
14.7
35.7
32.1
36.2
37.5
39.2
11.5
3.63
Root
length
(cm)
18.4
17.3
15.6
14.5
22.5
21.7
23.2
23.7
25.2
12.5
2.50
Root
weight
(g)
10.8
10.1
8.7
8.2
13.6
13.2
13.5
15.2
16.8
6.5
1.13
Chlorophyll
contents
(mg/g)
26.7
26.3
25.9
25.8
27.2
27.1
27.2
27.9
28.2
20.7
0.01
No o f
bacterial
nodules
42
37
36
36
56
52
54
64
69
16
3.92
No o f
pods/
plant
31
29
27
28
35
34
36
47
56
18
3.16
100 seed
weight
(test weight)
17.5
17.1
16.8
16.2
18.5
18.3
18.2
26.8
31.8
11.8
2.11
C = Cont ro l (M. incognita + Fusarium oxysporum f. sp. ciceri)
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Table 2. Effect of G. fasciculatum, T. viride, P. lilacinus, neem oil-seed cake individually and together on disease complex
caused by root-knot nematode and wilt fungus, with respect to nematode population, wilt percentage, and colonization and
chlamydospores formation of V A M .
Treatment
Glomus fasciculatum + C (N+F)
T. viride + C 
P. lilacinus + C 
Neem oilseed cake + C 
G. fasciculatum + T. viride + C 
G. fasciculatum + P. lilacinus + C 
G. fasciculatum + Neem oilseed cake + C 
G. fasciculatum + T. viride + P. lilacinus + 
G. fasciculatum + T. viride + P. lilacinus + 
Neem oilseed cake + C 
Control (N + F)
CD at 5%
No. of
galls/
plants
8
11
13
16
4
5
4
C 3 
-
38
2.35
Egg
mass/
plant
1.8
1.9
2.1
2.6
0.2
0.3
0.2
0.1
-
4.8
0.12
Soil
population/
500g.
125.8(11.1)
147(12.1)
153(12.3)
167(12.9)
117(10.8)
121(11)
120(10.9)
107(10.3)
73 (8.5)
1575(39.6)
3.72
Wilt
percentage
23.8
27.3
29.6
36.7
21.1
22.6
23.4
8.6
-
73.5
4.82
Colonization
% o f
V A M
46.7
-
-
-
53.6
57.2
69.1
72.1
79.6
-
6.73
Chlamydospores
population of
G. fasciculatum/ 
100 g soil
417.8(20.4)
-
-
_
369.5 (19.2)
348.6(18.6)
485.6 (22.0)
450.5(21.2)
528.7 (22.9)
-
1.23
Figures in parenthesis is the t ransformed value, C = Cont ro l (M, incognita + Fusarium oxysporum f. sp. ciceri) 
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Chickpea (Cicer arietinum L . ) is an important winter
grain legume sown under rainfed condit ions in Pakistan.
Average y i e l d of chickpea in Pakistan i s s l igh t ly above
500 kg ha - 1 ( G O P 2003) that is lower than its actual y i e l d
potential (Haqqani et a l . 2000). Ascochyta b l igh t caused
by Ascochyta rabiei (Pass) Lab is the most devastating
disease of chickpea. The disease is w i d e l y prevalent in
the chickpea g r o w i n g areas of the w o r l d (Nene et a l .
1996).
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considered as one of the management components
(protect ing the host from other root enemies by
occupying cort ical regions of the root) . Bhagawati e t al .
(2000) have demonstrated that the combinat ion of
mustard oil-seed cake and V A M yie lded better result.
The results o f this pre l iminary invest igation w i l l be
confi rmed under glasshouse and field condit ions.
Resistant varieties offer an economical solut ion to
combat this disease and reduce product ion losses. In this
context, 495 promis ing chickpea lines received from the
International Center for Agr i cu l t u r a l Research in the D r y
Areas ( I C A R D A ) , Syria; Nat ional Agr i cu l tu ra l Research
Centre ( N A R C ) , Islamabad; Nuclear Institute for
Agr icu l tu re and B i o l o g y ( N I A B ) , Faisalabad; A r i d Zone
Agr i cu l t u r a l Research Institute ( A Z R I ) , Bhakkar; and
Regional Agr icu l tu ra l Research Institute ( R A R I ) ,
Bahawalpur, Pakistan, were screened for resistance to
ascochyta b l ight a t N A R C dur ing the crop season of
2004-05 .
Each entry was planted in a single r o w of 4 m long
w i t h 30 cm row- to - row and 10 cm plant-to-plant spacing.
A h igh ly susceptible cul t ivar A U G 424 was sown as a 
disease spreader and indicator after every five test
entries. The genotypes were ar t i f ic ia l ly inoculated w i t h
diseased crop debris collected fo rm the previous year.
A d d i t i o n a l l y crop was inoculated w i t h spore suspension
(5 x 104 spores m L - 1 ) . Inoculations were done in the
evening hours on c loudy days, at the pref lower ing stage.
H i g h humid i ty w h i c h is a prerequisite for disease
epidemic was naturally created by the continuous rains
dur ing the crop season. Final disease observations were
recorded on a 1-9 disease rat ing scale (Singh et a l . 1981)
i n m i d - M a r c h .
Test genotypes var ied for disease reaction and three
genotypes ( F L I P 97-132C, F L I P 98-226C and F L I P 98-
231C) were resistant (score 2-3) while eleven genotypes -
FLIP 97-120C, FLIP 97-221C, FLIP97-229C, FLIP 98-33C,
F L I P 98-54C, F L I P 98-206C, FLIP 00-20C, F L I P 02-28C,
F L I P 02-45C, I L C 1929 and I C C 12004 - were
moderately resistant (score 4 - 5 ) . The potential resistant
material identif ied in the study was originated at
I C A R D A (Table 1). Several sources of resistance to
ascochyta b l ight have been reported at I C A R D A (Reddy
and Singh 1984; Singh et a l . 1984). Some of the lines, eg,
I L C 72 and I L C 3279 that showed high level of resistance
in several other countries were not found h igh ly resistant
in Pakistan ( Iqbal et a l . 1994). Therefore, resistant
genotypes originated f rom I C A R D A need to be re-tested
w i t h aggressive pathotypes of Pakistan before their use in
the breeding program. Our data indicates that A. rabiei is
h igh ly variable and the pathotypes present in Pakistan
and Ind ia are more aggressive than those prevalent in the
Mediterranean region (Singh et al . 1984).
The informat ion on the resistance to A. rabiei 
generated in the present study indicated that there is
sufficient genetic var ia t ion in chickpea for this trait that
can be exploi ted for disease control through breeding
b l igh t resistant varieties of chickpea.
Table 1. Distribution of chickpea lines obtained from various sources in the disease reaction groups.
Source
ICARDA, Aleppo, Syria
NARC, Islamabad, Pakistan
N I A B , Faisalabad, Pakistan
AZRI , Bhakkar, Pakistan
RARI , Bahawalpur, Pakistan
Total
* 2 - 3 score on 1-9 rating scale.
** 4 - 5 score on 1-9 rating scale.
Total
164
132
99
90
10
495
Resistant
3*
-
-
-
-
3
Moderately resistant
1 1 * *
-
-
-
-
11
Susceptible
150
132
99
90
10
481
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Lepidopterous pod borers in the genus Helicoverpa are
major constraints to chickpea (Cicer arietinum) 
product ion in the Indian subcontinent [especial ly H.
armigera (Hubner ) ] , Austral ia [especially H. punctigera 
(Wal lengren) ] , and in many other parts of the wo r l d
(Lateef 1985; Clement et al . 2000). Convent ional
insecticides are often used to control pod borers on
chickpea and many other crops. However , intensive
insecticide use on a w ide variety of crops has led to
widespread development of insecticide-resistant
populat ions o f f H. armigera in India (Am ies et al . 1996).
Development of insect resistance to insecticides and the
possible adverse effects of insecticides on humans and
environment have st imulated interest in other methods
such as resistant genotypes to manage pod borers (Lateef
1985). Screenings of Cicer arietinum germplasm stocks
showed that H. armigera larvae reared on 'less
susceptible' genotypes were l ighter in we ight and took
longer to develop than those reared on 'more susceptible'
genotypes (Srivastava and Srivastava 1989 ; Yoshida et al .
SL Clement1*, J Ridsdill-Smith2 and S Cotter2
(1 . USDA-ARS, Plant Germplasm Introduction and Testing
Research Unit, Washington State University, Pullman,
WA 99164-6402, USA; 2. CSIRO Entomology, Private
Bag 5, Wembley WA 6913, Australia)
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Fi rs t - ins ta r Helicoverpa punctigera 
l a r v a e : feeding responses a n d surv iva l on
desi ch ickpea a n d the w i l d re la t ive Cicer 
bijugum
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1995). L i kew ise , Sharma et a l . (2002) recorded l o w
weights for larvae of H. armigera and H. punctigera 
reared on some w i l d annual Cicer species, ind icat ing that
w i l d relatives o f chickpea cou ld be sources o f resistance
to Helicoverpa. 
Al though detailed observations of neonate lepidopteran
larvae commenc ing their feeding on test plants have been
used for evaluat ing resistance in crop plants (Za luck i et
al . 2002). Th is approach has not been used to ident i fy
Cicer genotypes w i t h vary ing levels of resistance and
suscept ibi l i ty to H. punctigera. Previously, > 5 day
tr ials, albeit w i thou t detai led observations of the host
acceptance and feeding behavior of f i rst- instar larvae,
have been used to ident i fy Cicer genotypes w i t h vary ing
levels of suscept ibi l i ty to both H. armigera and H.
punctigera. We employed 48 h tr ials to observe and
quant i fy the onset of feeding and surv iva l of neonate H.
punctigera on Cicer genotypes to assess the usefulness of
short-term tr ials so as to ident i fy resistant germplasm and
possible mechanisms of resistance (antibiosis and ant i -
feedant effects) in this pest.
The trials were carried out at the Entomology Laboratory,
Commonwea l th Scient i f ic and Industr ia l Research
Organizat ion (CS IRO) , Centre for Medi terranean
Agricul tural Research, Western Australia. A H. punctigera 
culture at the Entomology Laboratory prov ided larvae for
experiments, and the exper imental plant mater ia l was
obtained from potted plants g r o w n in a glasshouse
(natural l ight , 15 to 26°C) . Neonate larvae were expose d
to test mater ial f rom pre- f lower ing plants of t w o C.
arietinum genotypes (Anniger i -suscept ib le; and ICC
506-resistant) and two accessions of annual w i l d species
of C. bijugum ( l L W C 260, I L W C 7, both resistant),
w h i c h exhib i ted a range of susceptibi l i ty to H. armigera 
and H. punctigera in > 5 day tr ials (Sharma et al . 2002,
R idsd i l l -Smi th TJ unpubl ished data). Test mater ial
consisted of a main stem (w i t h two branching stems and
leaves) embedded into water-agar (10 g Bacto agar/l
water) in a 35 ml plastic cup using forceps. There were
three tr ials, each i nvo l v ing t w o Cicer genotype or species
combinat ions ( T a b l e 1 ) . The experimental design was a 
complete ly randomized design w i t h three replicates per
Table 1. Comparison of feeding and mortality rates of first-instar larvae of Helicoverpa punctigera on selected Cicer arietinum 
(Annigeri and ICC 506) and C. bijugum ( I L W C 7and I L W C 260) genotypes (Perth, Australia).
Trial
1.
2.
3.
Genotypes
Annigeri
ICC 506
A N O V A
Genotype (G)
Time (T)
G x T
ILWC 7 
ICC 506
A N O V A
Genotype (G)
Time (T)
G x T
ILWC 260
ICC 506
Genotype (G)
Time (T)
G x T
% larvae feeding at1
1 h 
61.1
39.0
27.7
44.3
66.7
44.3
4 h
94.3
78.0
F
2.78
19.48
0.40
66.7
66.7
F
1.15
42.11
8.11
94.3
72.3
F
2.86
15.96
2.72
24 h 
94.3
83.3
P
0.17
<0.01
0.76
100.0
78.0
P
0.34
<0.01
<0.01
88.7
78.0
P
0.17
<0.01
0.09
48 h 
94.3
83.3
94.3
66.7
77.7
78.0
% mortality at 48 h2
5.6a
16.7a
5.6a
33.3b
22.2a
22.2a
1. Means are based on three replicat ions of 6 larvae per repl ica t ion .
2. Means f o l l o w e d by the same letters do not d i f fer s ignif icant ly (P = 0.05). Data transformed ( log 1 0 (x + 1)) to meet assumptions of A N O V A .
Untransformed means reported here.
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Cicer genotype. One potted plant provided a l l of the test
material for a repl icat ion, w h i c h consisted of six larvae
(one per plastic cup). Af ter a 2 h starvation period, a 
neonate larva was transferred w i t h a camel-hair brush to
the basal part of test plant material and its movements
were observed w i t h the aid of a stereoscopic microscope
for 2 minutes at 1 ,4 , 24 and 48 h intervals. At each
reading, we recorded if a larva had established a feeding
site and was feeding or if i t had not commenced feeding.
The number of dead larvae was also recorded. Cups were
randomly distributed on a laboratory ( 22°C) bench near
a w i n d o w for natural l ight and redistributed after each
reading. F r o m these observations, the percentage of
larvae feeding on the plant per replication was calculated.
The analysis of variance [completely randomized
design w i t h one-way treatment structure (genotypes) w i t h
repeated measures] showed that larval feeding rates were
not affected by genotype, but t ime significantly affected
feeding w i t h the lowest rates at 1 h and higher rates
(irrespective of plant genotype) recorded f rom 4 h 
onwards in al l trials. There was a significant genotype x 
t ime interaction in t r ia l 2, indicat ing that the effect of t ime
on feeding rates on l L W C 7 and ICC 506 was different.
In a l l trials, the onset of feeding by neonate H. punctigera 
larvae was consistently delayed on ICC 506 and larval
morta l i ty was relat ively h igh (16 .7-33 .3%) on this desi
chickpea ( T a b l e 1 ) . The leaf chemistry of this genotype
may influence the feeding and survival of neonate and
first-instar H. punctigera, as was suggested for H.
armigera (Lateef 1985; Yoshida et al . 1995). A l so , the
results of t r ia l 1 conf i rmed the susceptibili ty of A n n i g e r i
to H. punctigera. Contrary to Sharma et al . (2002), w h o
detected // . punctigera resistance in I L W C 7 and I L W C
260 after 5 day feeding assays, our 48 h trials d id not
reveal the existence of strong resistance (compared to
ICC 506) in the C. bijugum genotypes ( T a b l e 1 ) .
This study detected H. punctigera resistance and
susceptibili ty in I C C 506 and A n n i g e r i , respectively, but
failed to conf i rm resistance in C. bijugum as previously
found after 5-day feeding trials (Sharma et al . 2002).
M o r e investigations are required, because this study
shows that interactions between first-instar larvae of H.
punctigera and species and genotypes of Cicer are variable,
w i t h the possibi l i ty that different plant resistance factors
are invo lved .
Acknowledgments. The authors are grateful to the Grains
Research and Development Corporat ion (Project no.
VF 58), Austra l ia , for research funding and Louisa B e l l
and Kate Detchon (CSIRO, Floreat, W A ) for technical
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Screening of C h i c k p e a for Resistance to
P o d B o r e r Helicoverpa armigera 
( H u b n e r ) a t R a h u r i , M a h a r a s h t r a , I n d i a
MM Sanap* and BM Jamadagni (Pulses Improvement
Project, Mahatma Phule Krishi Vidyapeeth, Rahuri
413 722, Maharashtra, India)
*Corresponding author: rvnakat@yahoo.com
Gram pod borer, Helicoverpa armigern (Hubner) is a key
pest and w i t h its regular in the state of
from early vegetative to podding stage 
60-80% losses (Puri et al. 1998) in chickpea. It ls 
economical ly significant. In N o r t h India , Sehgal and
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Ujag i r (1990) reported 9 0 % pod damage by Helicoverpa. 
Management strategies for gram pod borer re l ied heavi ly
on chemical insecticides. However , concerning chemical
insecticides, the farmers ' reluctance to use i t , the non-
avai lab i l i ty , h igh cost, development of resistance and
environmental po l lu t ion (Armes et a l . 1996), have
opened up avenues for the ident i f icat ion and adopt ion of
chickpea genotypes resistant/tolerant to Helicoverpa. 
The genotype is the best/preferred component of
integrated pest management.
Twen ty - f i ve promis ing chickpea genotypes f r o m the
Internat ional Chickpea Helicoverpa Resistant Nursery
( I C H R N ) were screened under pesticide-free f ie ld
condi t ions dur ing Rabi 2002-03 and 2003 -04 seasons in
a randomized b lock design in three repl icat ions at
Mahatma Phule K r i sh i V idyapeeth, Rahur i , Maharashtra,
India (532 m alt i tude w i t h longi tude of 19°44' to 19°57' N 
and lat i tude o f 74°82 ' to 7 4 °9 1 ' E) .
The genotypes were sown in t w o r o w plots of 2 m 
length w i t h the spacing of 30 x 10 cm on 28 October 2002
and 2003. A l l the recommended agronomic practices
were adopted for ra is ing the chickpea crop.
The observations on pod damage were recorded on
f ive randomly sampled plants at matur i ty by count ing the
total number o f healthy and damaged pods f r om w h i c h
percent pod damage of each entry was calculated and
compared w i t h that o f resistant check, I C C 506EB. The
percentage data was converted to pest susceptibi l i ty
rat ing on a scale of 1-9 as suggested by Lateef and Reed
(1983) .
The mean pod damage among the test entries (Tab le1 )
ranged from 20.37% in ICCL 87311 to 34.27% in ICC 12492
Table 1. Performance of chickpea genotypes against Helicoverpa armigera at Rahuri, Maharashtra, India, Rabi 2002-03 and
2003-04.
Entries
ICCL 79033
ICC 13
ICC 14
ICCX 730041
ICCL 80129
ICC 11509
ICC 9854
ICC 926
ICC 5800
ICC 12476
ICC 12479
ICC 12480
ICC 12493
ICC 12492
ICC 12490
ICC 87220
ICC 87311
ICC 87314
Vijay
JG 362
ICCV 2 
ICC 37
Annigeri
ICCV 10
ICC 50 EB (ch.)
Mean
SD
Pod damage (%)
2002-03
32.63
37.19
32.10
35.03
36.30
32.85
33.64
38.64
34.42
28.33
24.03
26.32
38.08
40.82
31.82
45.59
19.55
22.01
30.27
26.63
21.05
40.49
26.35
32.39
28.82
31.94
6.23
2003-04
14.27
15.10
19.54
20.40
16.78
17.87
20.00
21.18
19.50
17.81
19.45
19.23
19.60
27.73
20.64
21.95
21.20
23.07
18.72
19.23
19.73
19.01
20.80
19.46
18.57
19.47
2.07
Mean
23.45
26.14
25.82
27.71
21.56
25.22
26.86
29.91
26.96
23.07
21.74
22.77
28.84
34.27
26.23
33.77
20.37
22.54
24.49
22.94
20.39
29.75
23.57
25.92
23.69
25.51
3.61
PSR*
6
7
6
7
6
6
7
8
7
6
6
6
7
8
7
8
5
6
6
6
5
8
6
6
_
Grain yield (kg ha-1)
2002-03
733
1250
583
750
1275
1133
900
700
900
800
966
791
800
858
916
841
1041
1191
666
916
833
675
1066
425
1125
885
205
2003-04
1650
616
1100
1392
1083
1058
1883
1500
775
1450
1266
1558
750
1341
2050
1375
1558
592
1608
1300
392
1350
1508
2124
1650
1329
416
Mean
1191
933
841
1071
1179
1095
1391
789
837
1125
1116
1174
775
1100
1483
1108
1033
891
1137
1108
612
1012
1287
1247
1387
1088
209
* - P S R = Pest suscept ib i l i ty ra t ing. C h . = Resistant check.
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w i t h the mean damage of 25.51 ± 3 . 6 1 % . Of the 25
genotypes screened, I C C L 87311 recorded the lowest
damage (20.37%), w h i c h was signif icantly less than 14
genotypes. F rom the pest susceptibility ratings (on a scale
of 1-9), it was noticed that I C C L 87311 and ICC V 2 were
scored at 5 and were most promis ing, whereas eight other
genotypes I C C L 79033, I C C L 80129, I C C L 12746, ICC
12479, ICC 12480, I C C L 87314, IG 362 and A n n i g e r i ,
were at 6 and suffered less damage than the resistant
check I C C 506EB. Genotypes ICC 13, I C C X 730014,
ICC 9854, I C C 5800 and I C C 12493, w i t h a rating of 7,
and I C C 926, ICC 12492 and I C C L 87220, w i t h a rat ing
of 8, were susceptible to Helicoverpa damage.
Genotypes ICC 9854 and ICC 12490 had grain y ie ld
of 1391 and 1483 kg ha-1, respectively, and were superior
over resistant check, ICC 506EB. Despite, recording
higher pod damage (26.86% and 26.23%), they recorded
higher grain y ie ld indicat ing their tolerance to
Helicoverpa damage.
Thus, the genotypes I C C L 87311 , I C C V 2, I C C L
12490 and ICC 9854, showed fair ly good resistance/
tolerance against pod borer, and they derive an attention
for per se cul t ivat ion by the farmers.
Acknowledgments. The authors are thankful to Dr HC
Sharma, l C R l S A T , for the supply of the seed material of
promis ing chickpea genotypes.
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Chickpea (Cicer arietinum L . ) product ion in India (4.33
m i l l i o n tonnes in 1980 and 5.12 m i l l i o n tonnes in 2000)
has stagnated in the last two decades. The major l i m i t i n g
factor has been the susceptibili ty of cult ivars to several
biot ic and abiotic stresses that affects y i e ld adversely
(Singh et al . 1994). Mos t of the exist ing varieties are
susceptible to fusarium w i l t , ascochyta b l ight and
podborer (Helicoverpa armigera), w h i c h are the major
bottlenecks in increasing product ion potential of
chickpea (Ka l i a and Dawa 1988; Singh et a l . 1994). The
parents w h i c h are resistant to pod borer and fusarium w i l t
are not yet available. In the present studies, one hundred
and eighty four genotypes of chickpea were evaluated,
dur ing 2002-2003 at P A U , Regional Station, Faridkot, to
find a donor for pod borer and w i l t resistance, together.
The genotypes were sown in mul t ip le disease sick plot
w i t h susceptible variety JG 62 as a check, in t w o
replications. Each genotype has row length of 4 m and 30
cm apart w i t h plant-to-plant spacing of 15 cm and
recommended package of practices were fo l lowed . One
hundred and eleven genotypes hav ing less than 25%
(moderately resistant reaction) combined score for w i l t
complex (wi l t / foo t rot/root rot complex) were selected
for further entomological study. Pod borer infestation
was recorded as percent bored pods of total pods at the
end of harvesting. The data was subjected to analysis of
variance to compare their relative performance
(resistance) and the genotypes were categorized as per
the method g iven by the A l l India Research Project on
Soybean (1995) and used by A d i t y a Pratap et al . (2002)
for chickpea.
The results on pod borer infestation are given in the
Table 1. There was a large variat ion (30.87-70.65%) in
pod damage among al l the entries screened. Pod damage
was highest in PBG 126 (70.65%) and lowest in IPC 96-3
(30.87%). Out of the 111 genotypes, 64 showed very high
insect infestation and fel l under l o w l y resistant group
w i t h infestation range of 52.15-70.65%. For ty-f ive
genotypes were moderately resistant w i t h infestation
range of 34.05-51.65%. On ly t w o genotypes IPC 96-3
and FG 1235 w i t h mean infestation of 30.85% and
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Harminder Kaur, SK Gupta, Daljeet Singh and
Kuldip Singh (Punjab Agricultural University-Regional
Station, Faridkot 151 203, Punjab, India)
P r e l i m i n a r y eva luat ion o f chickpea
genotypes for resistance to p o d b o r e r
a n d w i l t complex
Table 1. Reaction of different genotypes of chickpea according to percent pod borer infestation.
S.No.
1
2
3
Type of resistance
R = Resistant
MR = Moderately resistant
LR = Lowly resistant
Name of varieties
FG 1235, IPC - 96 - 3 
BG 1087, BG 1088, BG 1087, BG 1088, BG 1106, BGD 110, BGD 112, C53-104,
CSJ 9807,FG 559, FG 711, FG 712, FG 908, FG 1044, FG 1100, FG 1121, FG 1184,
FG 1186, FG 1204, FG 1206, FG 1212, FG 1221, FG 1222, FG 1228, FGK 848,
FGK 1220, GL 1267, GL 20010, GL 940022, G L K 90079, GNG 469, GPF 2, H 82-2,
IPC - 99 - 1 , IPC 99-4, IPC 2000-1, PBG 195, PBG 233, PG 95424, PG 97403, RSG 902,
RSG 906, WCG-3, WCG 98-1
BCP 1002, BG 1053, BG 1067, BG 1080, BG 1103, BG 1108, BGD 32, C 235,
CL 99033, CSJ 195, CSJ 253, CSJ 8962, FG 694, FG 702, FG 897, FG 974, FG 1056,
FG 1197, FG 1205, FG 1210, FG 1217, FG 1224, FG 1225, FG 1227, FG 1231,
FG 1232, FG 1238, FG 1268, FG 1292, FGK 1085, FGK 1133, FGK 1141, FGK 1170,
FGK 1199, FGK 1218, GCP 9516, GG 1267, GL 769, GL 20035, GL 20081,
GL 98014, GL 99103, H 87-23, H 97-23, H- 97-47, H 98-155, IPC 95-2, IPC 97-1,
IPC 97-7, IPC 98-2, IPC 99-38, JG 1100, PBG 126, PBG 161, PBG 168, PBG 204,
PBGK 220, PDG 3, PDG 4, PG 96005, PG 97121, PG 97128, WCG 97-16, WCG 9737
30.95% were found to be disease resistant ( w i t h 2.6 and
4 .2% disease incidence, respectively).
Out of 45 moderately pod borer resistant genotypes 16
were hav ing less than 5% disease incidence and 29 were
having more than 5% incidence of disease. The important
varieties such as GPF 2 and G N G 469 also fall in moderately
resistant group w i t h mean infestation of 43.25 and
41.8%. The genotypes, ie, BG 189, BG 373, B G D 110,
F G 559, F G 7 1 1 , F G 712, F G 908, F G 1184, F G 1206,
G L K 90079, GPF 2 , P B G 195, P B G 233, R S G 902, R S G
906 and W C G 9 8 - 1 , reflected promis ing reaction by
having less than 5% disease incidence and moderate
resistance to pod borer.
Ad i tya Pratap et al. (2002) whi le evaluating the chickpea
against pod borer, also reported w i d e var ia t ion (29.33 to
63.44%) in pest infestation among the varieties.
The study revealed that genotypes IPC 96-3 and
FG-1235 were resistant to bo th w i l t complex and pod
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borer infestation and thus they can serve as potential donors
for insect pests/disease resistance, in chickpea breeding.
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To solve such problems, efforts were made to identify
d w a r f and extra-early genotypes through induced
mutations. Besides dwarfness and earlyness, such
genotypes should possess comparable y i e ld levels to
commercial types. Pigeonpea genotypes I C P L 88039 and
' M a n a k ' were used for gamma rays irradiations. Five
hundred, 1000 and 1500 dry, healthy and uni form seeds
of each of the two genotypes were treated w i t h 10,20 and
30 kR of gamma rays, respectively. The treated seeds
were sown immediately in the field dur ing rainy season
2001 to raise M1 generation. In M1 generation of I C P L
88039 populat ion, one d w a r f and extra-early mutant was
obtained from 10 kR dose in I C P L 88039. The
generation of this mutant was advanced to M 4 generations
(2004) to obtain un i fo rm progenies. The d w a r f and extra-
early M 4 progeny of this mutant i s named as H D M 04 -1
and evaluated along w i t h I C P L 88039 in f ie ld conditions
dur ing rainy season 2004. Five rows of the parent and the
mutant genotypes were sown in 4 meter rows 45 cm apart.
The plant-to-plant distance was kept at 10 cm. A l l the
recommended cultural practices for pigeonpea were
fo l lowed . Data were recorded on 50 random plants of
H D M 04-1 and I C P L 88039 for morphological
characters, v iz , days to 50% f lower ing , days to matur i ty ,
plant height (cm), f ru i t ing branches/plant, internode
length (cm) , pods per plant, seeds/pod and 100-seed
weight (g) . The data representing mean of 50 plants is
presented in Table 1. The mutant possess 103.20 cm
height w i t h shorter internodes compared to I C P L 88039
(271 cm). It matures in 90 days as compared to 135 days
of parental genotype. Its seed weight (8.84 g/100 seeds)
is also higher than I C P L 88039 (8.17 g/100 seeds). The
commercial cult ivars normal ly possesses 6.0-7.0 g/100
seeds. Its y i e l d levels are at par w i t h the I C P L 88039.
However , y i e l d level are yet to be confirmed through
large-scale trials against checks and w i t h va ry ing
spacings and fer t i l i ty regimes.
P i g e o n p e a
Genetics/Breeding/Biotechnology
Ident i f i ca t ion o f D w a r f a n d E x t r a - e a r l y
M u t a n t o f Pigeonpea [Cajanus cajan ( L . )
M i l l s p . ]
Ram Dhari and RS Waldia [Department of Plant Breeding
(Pulses) Chaudhary Charan Singh Haryana Agricultural
University, Hisar-125 004, India]
Plant height and matur i ty contribute s ignif icant ly for
pigeonpea cul t ivat ion under different cropping systems.
A m o n g the various constraints for higher pigeonpea
product ion and product iv i ty , Helicoverpa armigera 
(gram pod borer) is a major constraint (Shanower et al .
1999). Farmers main ly rely on insecticides to manage this
borer. Tradi t ional pigeonpea genotypes are ta l l ( 3 - 4
meters) and farmers have serious practical problems to
use insecticides to manage pod borer through spray
operations. D w a r f (1 meter) and h igh-y ie ld ing pigeonpea
types are then an obvious choice to control the menace of
the pod borer. Moreover , the adoption of pigeonpea
cultivation by farmers on a large scale should accommodate
crop rotations. Extra-short-duration pigeonpea genotypes
could contribute to higher product iv i ty of pigeonpea-
wheat rotat ion system (Dahiya et al . 2002). Even the
exist ing pigeonpea short duration (140-150 days) types
have been observed to delay the normal sowings of wheat
crop.
Table 1. Distinguishing characters of the dwarf mutant
( H D M 04-1) and the parental line ( I C P L 88039).
Characters
Days to 50% flowering
Days to maturity
Plant height (cm)
Fruiting branches/plant
Internode length (cm)
Pods/plant
Pod length (cm)
Seeds/pod
100 Seed weight (g)
H D M 04-1
49±4.50
90+5.50
103.20 + 10.20
9.10 + 3.21
3.40 + 0.70
102.80 + 37.11
3.97 + 0.26 
3.70 + 0.45
8.84 + 0.80
ICPL 88039
90 + 5.90
135 + 6.20
271 + 11.32
12 + 2.96
5.00 + 0.35
132 + 25.48
5.00 + 0.35
4.1 + 0.70
8.17 + 0.75
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Pigeonpea (Cajanus cajan) is an important pulse crop in
Karnataka, India. Ster i l i ty mosaic disease ( S M D ) , caused
by the pigeonpea ster i l i ty mosaic v i rus ( P P S M V ) and
transmitted by an er iophy id mi te , Aceria cajani, is a 
major problem of pigeonpea (Jones et al . 2004).
Pigeonpea yields have been dec l in ing due to heavy and
recurr ing occurrence of the S M D in southern Karnataka.
Most of the pigeonpea genotypes available for farmers
are h igh ly susceptible to the S M D . This was more so
because of the PPSMV isolate prevalent in southern
Karnataka- the Bangalore (B ) isolate- is h igh ly v i ru lent
and host-plant resistance to it are scarce. ICP 7035, a 
landrace col lected in 1973 from Bedaghat (near
Jabalpur) Madhya Pradesh state, India (Sharma and
Reddy, unpubl ished), was found to be consistently
resistant to P P S M V - B isolate. ICP 7035 was evaluated
against ten P P S M V isolates at several locations in India,
and the genotype was found resistant to al l these isolates
(Reddy et a l . 1993; Kumar et a l . , unpubl ished).
ICP 7035 was evaluated, along w i t h the t w o local
varieties, T T B 7 and H y 3 C , in S M D and w i l t nursery at
Figure 1. ICP 7035: Pod bearing plant (A), vegetable pods (B),
dried whole seed (C) and dried decorticated split seeds - dhal 
(D).
Table 1. Green pod and grain yield of three pigeonpea genotypes at Bangalore.
Year
1999
2000
2001
2002
2003
Mean
% SMD
ICP7035
0
0
0
0
0
0
Hy3C
15.5
11.0
18.2
23.0
<2.0
16.93
TTB7
60.5
82.0
75.5
90.3
-
77.08
Green pod yield (kg ha-1)1
ICP7035
5085
3551
4268
6107
7153
5232.8
Hy3C
4521
2958
3658
5189
7101
4685.4
TTB7
1785
101
1210
521
-
904.25
Grain yield (kg ha-1)1
ICP7035
-
1905
1349
1824
1692.6
Hy 3C 
-
-
1825
1312
1736
1624.3
TTB7
-
-
2357
1706
2031.5
1. Green pod and grain yields are f rom separate trials
2. ' - ' not tested
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Table 2. Morphological, cooking and nutritional characters of three pigeonpea genotypes.
Character
Plant characters
Plant height (cm)1
Stem colour
Flower arrangement
Flower colour
Pod colour
Seed coat colour (fresh)
Seed colour (fresh)
Seed coat colour (dry)
Seed (dhal) colour (dry)
Days to 50% flowering
Days to maturity
Pods per plant3
Seeds per pod
Pod length (cm)
100 fresh seed weight (g)
100 dry seed weight (g)
100 fresh pod weight (g)
Post harvest qualities of dried seed5
Good quality split seed (dhal) (%)
Broken split seeds (%)
Recovery of husk (%)
Nutritional factors in dhal6
Cooking time of vegetable seed (min)
Cooking time of dhal (min)
Water absorption (%)
Solids in the aqueous extract (%)
Moisture (%)
Protein in dried seeds (%)
Soluble sugars (%)
Fat (%)
Methionine (mg g-1 of seed)
Methionine (mg g -1 of protein)
Cystine (mg g-1 of seed)
Cystine (mg g -1 of protein)
ICP7035
160-180
Green
Intermediate
Yellow purple
Purple with dark green streaks
Light purple and mottled
Plain green
Brown and mottled
Yellow
75-802
160-1702
90-110
5
7.5
39.6
19.2
254.2
85.8
1.72
14.52
35.62
47.7
102.06
10.63
11
19.6
5.3
2.4
1.99
8.82
1.80
7.98
Hy3C
160-170
Purple
Clusters
Red
Green with black streaks
Light green and plain
Plain green
Dull white
Dull white
80-902
170-1802
70-80
4-5
-
4
20.5
16.1
-
86.47
0.78
14.74
35.25
42.3
104.12
12.21
10.8
22.14
3.7
2.3
2.07
9.35
1.87
8.45
TTB7
160-180
Green
Clusters
Yellow
Green with black streaks
Light green and plain
Plain green
Brown
Yellow
90-1002
180-2002
90-110
4-5
17.21
10.5
79.63
85.53
2.62
13.54
35.33
36.8
102.54
11.46
8.1
23.6
-
-
-
_
-
1. At the t ime of pod matur i ty (around 170 days; plant can grow up to 2 m) .
2 . In Bangalore region.
3. First pod p i c k i n g at matur i ty (around 170 days).
4 . ' - ' N o t tested.
5 . Determined w i t h mechanical ' d h a l ' m i l l .
6. Estimated at Pristine Laboratories, Bangalore.
the Gandhi K r i sh i V ignana Kendra ( G K V K ) , Bangalore;
and also under natural condit ions in the State Agr icu l tu re
Research Stations and farmers' f ields in Bangalore Rura l ,
Tumku r and Ko la r districts o f Karnataka, dur ing 1 9 9 9 -
2004 ra iny seasons. ICP 7035 produced a mean vegetable
pod y ie ld of 5232.8 kg ha - 1 and dry seed y ie ld of 1692.6
kg ha -1 as compared to 4685.4 kg ha -1 mean vegetable pod
y ie ld and 1624.3 kg ha - 1 of d ry seed y ie ld for H y 3 C
(Table 1). Average S M D incidence in susceptible
cult ivars ranged from less than 2.0 to 90 .3% dur ing
various years, but ICP 7035 remained free f rom S M D
(Table 1). Stabi l i ty of S M D resistance in ICP 7035 was
ver i f ied by exposing test plants to h igh dose of P P S M V -
B inocu lum using v i ru l i ferous A. cajani by f o l l o w i n g the
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leaf-stapling technique. Plants were moni tored for
P P S M V by E L l S A method as described in Kumar e t a l .
(2002) . A l l inoculated plants remained symptom f ree and
tested negative to P P S M V , and no vector mul t ip l i ca t ion
observed on these plants. To determine whether the
observed resistance was against v i rus and/or due to
vector non-preference, the genotype was tested by petiole
graft inocula t ion as described in K u m a r e t a l . (2002) . A l l
graft-inoculated ICP 7035 remained uninfected,
indicat ing that plants were resistant to the vi rus . ICP
7035 was also evaluated for fusarium w i l t and alternaria
b l ight resistance at G K V K , Bangalore. The genotype
showed moderate resistance to both these fungal diseases
( < 1 0 % incidence), whereas T T B - 7 is h igh ly susceptible
to w i l t and bl ight , and H y 3 C is moderately resistant to
w i l t ( < 1 0 % incidence), but i t was not tested against
b l ight . Up to 35 .7% H. armigera incidence was observed
on ICP 7035, whereas on T T B 7 and H y 3 C , i t was 55.3%
and 28.75%, respectively.
ICP 7035 is a med ium durat ion, non-determinate
variety. Plants mature in 170-200 days ( i n south-central
regions of India) and at this stage it reaches to an average
height of 120-140 cm ( F i g 1). Each plant produced
around 100 pods and each pod contained 5 seeds, w h i c h
are nu t r i t iona l ly r ich and contain highest percent of
digestible carbohydrates, v i tamins and micronutr ients
(Table 2). Fresh seeds are large ( 9 - 1 1 mm diameter) w i t h
purple seed coat and green cotyledons, and suitable for
consumption as vegetable (Table 2). Fresh seed contains
8.6% protein, 12% fibre and 45 .7% carbohydrate and
starch. The pinkish-purple colour of pod and seed coats
was due to h igh anthocyanin content, w h i c h adds to
health benefits as dietary antioxidants. In addi t ion,
sweetness of the pigeonpea seed is a preferred trait for
vegetable purpose. W h i l e normal sugar levels in most
pigeonpea varieties is about 5%, sugar content in ICP
7035 seeds is 8.8% (Paris et a l . 1987). Decorticated dried
spli t seeds measures 5-6 mm in diameter and 100 dr ied
seeds we igh 19.2 g (Table 2) . It contains 19.6% protein,
27 .4% dietary f ibre, 3 3 % starch, and 6 7 % carbohydrate.
I t is also r i c h in copper, ca lc ium, magnesium,
phosphorous, and has good dhal mak ing qual i ty .
S M D resistance in ICP 7035 has posit ive impact on
y i e l d as a result of negl igible crop loss in endemic areas
cont r ibut ing to the revenue gains to the farmers at no
addit ional cost. Under no disease situation, the crop
yields are on par w i t h the local varieties. ICP 7035 does
not alter input requirements from exis t ing practice.
Cul t iva t ion o f ICP 7035 prevents bu i ldup o f S M D
inocu lum dur ing the cropping and off-season and
controls the disease spread in the fields. Recently,
provis ional approval was g iven for the release of this
variety in S M D endemic areas o f southern Karnataka.
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Ef fect o f I m p r o v e d C r o p P r o d u c t i o n
Technology o n Pigeonpea Y i e l d i n
Resource P o o r R a i n f e d A r e a s
Agronomy/Physiology through technical backstopping and convergence through
a consort ium of inst i tut ions. Watersheds are used as an
entry point for these activi t ies.
Nandavaram vi l lage o f Banaganapalle mandal in
Ku rnoo l distr ict was selected as a representative
watershed site based on the extent of ra in fed area in the
distr ict , current crop product iv i ty , and wi l l ingness of the
communi ty to participate in the on- farm research
activi t ies. Systematical ly col lected soi l samples from
thi r ty farmers' f ields in the Nandavaram watershed on a 
toposequence were analyzed for physical and b io log ica l
parameters and various nutrients. The soi l analysis
indicated that al l the f ields are low in N (496 mg kg -1
soi l ) , l ow to medium in available P (5.71 mg kg - 1
soi l ) (Olsen's P), h igh in exchangeable K (223 mg kg -1
soi l ) , and l ow in available Zn (0.39 mg kg - 1 soi l ) , S (7.52
mg kg - 1 soi l) and B (0.5 mg kg - 1 soi l ) . The in format ion
from soi l analysis along w i t h histor ical ra in fa l l , and
m i n i m u m and max imum temperature data enabled to
calculate the length of g row ing per iod (LGP) . This
cr i t ica l in format ion assisted in ident i fy ing better options
for pigeonpea cul t ivat ion to improve the product iv i ty
levels and for sustaining the natural resources.
Twe lve on- farm trials were conducted dur ing the
2002/03 rainy season w i t h the object ive to demonstrate
the effect o f improved product ion technologies over
farmers' practice. Improved product ion technology was
compared w i t h the farmers ' method in an area of 1000 m2
in each of the farmers ' f ie lds. The improved technology
package included med ium durat ion h igh-y ie ld ing variety
( I C P L 87119) resistant to fusar ium w i l t and steri l i ty
mosaic diseases; a seed rate of 12 kg ha -1; seed treatment
w i t h th i ram (3 g kg-1 seed); inoculat ion w i t h rhizobium; a 
fert i l izer dose of 20 kg N and 50 kg P2O5 ha -1; basal
appl icat ion of micro-nutr ient mix ture of 5 kg borax (0.5
kg B ha -1), 50 kg zinc sulphate (10 kg Zn ha-1) and 200 kg
gypsum (30 kg S ha-1) per hectare together w i th
Table 1. Yield and economics of pigeonpea in on-farm trials (average of 12 trials), Nandavaram nucleus watershed, Kurnool
district, Andhra Pradesh, rainy season 2002.
Cultivation method
Improved production technology
Farmers' practice
S E ±
CV%
LSD (5%)
Grain yield
(t ha -1)
1.61
0.53
0.096
31.2
0.30
Stalk yield
(t ha-1 ) 
2.93
1.10
0.202
34.7
0.63
Cost of cultivation
(Rs ha-1)
6838
(US$152)
4260
(US$95)
14.2
0.9
44.3
Net return
(Rs ha-1)
16476
(US$366)
3437
(US$76)
1393.8
48.5
4338.3
Benefit
cost ratio
2.4
0.8
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Table 2. Yield components of pigeonpea in on-farm trials (average of 12 trials), Nandavaram nucleus watershed, Kurnool
district, Andhra Pradesh, rainy season 2002.
Cultivation method
Improved production technology
Farmers' practice
S E ±
C V %
LSD (5%)
Total dry matter
(t ha-1)
5.26
1.92
0.321
31.0
1.00
Pod weight
(tha-1)
2.33
0.82
0.132
29.0
0.41
Shelling
( % )
69.1
65.6
0.93
4.8
2.89
100 grain weight
(g)
10.3
9.0
0.31
11.1
0.96
Harvest
index
0.31
0.28
0.009
10.3
0.027
appropriate need-based pest and disease control
measures. T w o inter-cult ivations at 25 and 50 days after
sowing to control weeds were taken up. One insecticide
spray was given at pod format ion stage to control pod
borers. The farmers' method included a seed rate of 10 kg
ha -1 and a ferti l izer dose of 12 kg N and 30 kg P2O5 ha-1.
Entire dose of N and P was applied as basal. The seasonal
rainfal l was 695 m m . The data was analyzed considering
farmers as replications using analysis of variance
( A N O V A ) w i t h randomized blocks o n G E N S T A T .
A N O V A indicated that management practices ( improved
crop product ion technology and farmers practice)
differed signif icantly for a l l the parameters presented in
Tables 1 and 2.
The improved product ion technologies gave higher
yields and recorded a mean grain y i e ld of 1.61 t ha -1
w h i c h was 2 0 4 % higher than that obtained w i t h the
farmers' practice yields of 0.53 t ha -1 (Table 1). In
addi t ion to increased grain yields, improved technology
also resulted in higher stalk y i e l d of 2.93 t ha - 1 compared
to 1.10 t ha -1 of farmers' practice. The increased grain and
stalk yields w i t h improved product ion practice were
main ly because of increased total d ry matter, increased
pod weight , higher shel l ing percentage, higher 100-grain
weight and harvest index (Table 2) . Y i e l d increase in
response to recommended fertil izers and rh izob ium
inoculat ion were also reported by Jain et a l . (1988).
The economic v i ab i l i t y of improved technology over
the farmers' practice was calculated depending on
prevai l ing prices of inputs and outputs. The addit ional
cost of US$57 ha - 1 (Tab le1 ) incurred due to the improved
technology as compared to farmers' practice was ma in ly
due to balanced fer t i l izat ion (micro-nutr ients and
addit ional N and P), addit ional seed cost, seed treatment,
1PM and one addit ional in ter-cul t ivat ion. However , the
improved technology resulted in an increased mean
income of US$290 w i t h a cost-benefit ratio of 2.4 (Table1) .
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The lace bug Urentius hystricellus (Richt . ) (U. echinus 
Distant) (Tingidae: Hemiptera) was first reported
occurr ing on the eggplant, Solanum melongena 
Linnaeus, in different parts of India by Fletcher (1914).
Since then, it has been reported from t ime to t ime as a 
specific pest of eggplant (P i l l a i 1921; Jepson 1924; Patel
and Ku lka rn i 1955), w i t h a degree of varietal preference
in India. Recently, Chaudhury et al . (2001) recorded its
presence on tomato crop in the tarai region of West
Bengal. Besides India, it has also been reported f rom
Ghana (Frempong and Buahin 1977) and Thai land
(Tigva t tn 1990). Nymphs and the adults of the lace bug
suck sap f rom lower surface of leaves causing its
y e l l o w i n g and can be seen congregating. Affected leaves
are covered w i t h exuviae and excreta.
A total of 15 genotypes of pigeonpea, Cajanus cajan 
(L . ) Mi l l sp . , viz., Pusa-33,991,992,2001,2001-1,2002-1,
2002-2, 2003-2, 2004-1 , 2004-2, AK 2000-3 N 3 , AK
2000-60 N 85, H 89-9x 85024 1 DT SP 2, MS Pusa 33x
H 88-45, and RG 02-47 N were potted in the net-house,
D i v i s i o n o f Nematology, Indian Agr i cu l tu ra l Research
Institute, N e w De lh i 12, on 22 June 2004. Af ter one
month of sowing, 50 -60 percent leaves of a l l the plants
were infested w i t h U. hystricellus, irrespective of
genotypes. Observations revealed that pigeonpea is a 
new host record.
The lace bug infestation was also observed on another
unrecorded host (Abutilon theophrastii), w h i c h is a weed
of the wet season. It can be inferred that, al though this
insect spp is k n o w n to in f l i c t injuries main ly to the
eggplant, its spread on the other plant species in the
v i c i n i t y cannot be ignored. Hence, the cu l t iva t ion of
eggplant away f rom the pigeonpea crop is suggested.
W i t h regards to curative measures against the infested
plants, further studies indicated that spray applicat ion of
karate 2.5 EC (lambda c y h a l o t h r i n I ) @ 1 m L / 2 L water
provided satisfactory protect ion w i t h in a week ' s t ime.
The existence of races (race A pigeonpea race and race B 
clusterbean race) in Heterodera cajani Koshy 1967, an
important plant parasitic nematode of leguminous crops,
has been reported by Wal ia and Bajaj (1986, 1988).
Source of resistance against an unspecified populat ion of
H. cajani in Cajanus platycarpus accessions l C P W 543,
I C P W 544 and I C P W 545 (Elyas and Sharma 1997) and
against Coimbatore populat ion of H. cajani have been
reported in Phaseolus radiatus L . cv TM 96-1 ( A n o n .
1998). Reaction of several populations of this species
collected f rom different parts of India and belonging to
two races against these resistant sources and also against
Glycine max is discussed here under.
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Response of Resistant G e r m p l a s m to
D i f f e r e n t Races /Populat ions o f
Pigeonpea Cys t N e m a t o d e ,
Heterodera cajani 
Table 1. Reaction of Cajan us platycarpus accessions to different races of pigeonpea cyst nematode, Heterodera cajani.
Accessions White (Female)
ICPW 543 0 
ICPW 544 0 
ICPW 545 0 
Pigeonpea cv Manak (Control) 72.0
CD (P=0.05)
(Data are means of three replications)
Race A 
J2
0
0
0
14.0
Number
Male
0
0
0
18.0
White (Female)
6.0
33.0
8.0
103.3
0.58
Race B 
J2
5.0
14.0
3.7
26.7
0.68
Male
1.3
7.0
2.3
17.3
0.60
Populations of H. cajani race A and race B collected/
procured f rom various parts of India ( T a b l e 1 ) and their
pure cultures were maintained in isolat ion on their
respective hosts under screenhouse condit ions at the
Department o f Nematology, CCS Haryana A g r i c u l t u r a l
Univers i ty , Hisar. The egg sacs of different races/
populations were incubated at r oom temperature (30
± 2 ° C ) separately for col lec t ing second stage juveni les of
this species, when needed.
Seeds of C. platycarpus accessions I C P W 543, I C P W
544 and I C P W 545, and m u n g bean cv TM 9 6 - 1 , and
germplasm lines of soybean were procured from the
International Crops Research Institute for the S e m i - A r i d
Tropics ( l C R I S A T ) , Hyderabad; the Indian Institute o f
Pulses Research (Kanpur) , and CCS Haryana
A g r i c u l t u r a l Univers i ty (Hisar) , respectively. They were
sown s ingly in 15 cm earthen pots of autoclaved sandy
loam soi l . Seeds of C. platycarpus accessions were,
however, mechanical ly scarified before sowing. Af te r 3 
days o f germinat ion o f seedlings, pots containing
different plant species were inoculated @ 200 freshly
hatched second stage juveni les /pot in the f o l l o w i n g
manner:
1. Cajanus platycarpus accessions: Second stage
juveni les of race A and race B 
2 . M u n g bean cv TM 96-1 and soybean cv PK. 564:
Second stage juveni les of various populations (Table
2).
3. Glycine max germplasm lines: Second stage juveni les
of race A and race B.
The plants were depotted after 50 days of inocula t ion
and the soi l was processed for whi t e females, juveni les
and males. Each treatment was replicated thrice.
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Heterodera cajani race A fai led to m u l t i p l y on a l l the
three accessions as reported by Elyas and Sharma (1997).
However , race B reproduced on al l the three accession
lines though w i t h different rate of mul t ip l i ca t ion (Table
2). A m o n g these accessions mul t ip l i ca t ion of this race
was s ignif icant ly higher in I C P W 544 than I C P W 545
and I C P W 543. F rom the above studies it becomes clear
that same cult ivars show different reaction to different
populations/races of H. cajani and therefore, one should
be cautious w h i l e incorporat ing the resistance in the
cult ivars. Wa l i a and Bajaj (1986, 1988) differentiated
races of H. cajani on the basis of their reproduction on
clusterbean and sun hemp. I C P W 544 can also be
included as a differential host for d iscr iminat ing races of
H. cajani. Since race A failed to m u l t i p l y on C.
platycarpus accessions and race B mul t ip l i ca t ion was
higher in I C P W 544.
A l l the populations belonging to race A as w e l l as race
B reproduced on Phaseolus radiatus L. cv TM 96-1 but
w i t h different rates o f mul t ip l i ca t ion . Dharwar ,
Coimbatore, Ludhiana and Yamunanagar populations
belonging to race A reproduced very less ( 1 - 1 0 cysts/
pot) and were statistically at par among each other and
hence this cul t ivar can be designated as resistant to these
populations. These results are in agreement w i t h earlier
f indings ( A n o n . 1998). M u l t i p l i c a t i o n o f rest o f the
populations was moderate to h igh . M u l t i p l i c a t i o n of
A n a n d (Gujarat) , Jaipur (Rajasthan) and Pusa (Bihar )
was moderate in reproduction on TM 96-1 (11.60 cysts/
pot) and statistically at par. M u l t i p l i c a t i o n of clusterbean,
Hisar (Haryana), be longing to race B was moderate (60
cysts/pot) but differed s ignif icant ly from the rest of the
populations. Reproduct ion o f N e w D e l h i (De lh i ) ,
Pigeonpea, Hisar (Haryana) and Kanpur (U.P . )
populations was m a x i m u m (>100 cysts/pot) and hence
mung bean cv TM 96-1 can be categorized as susceptible
to these populat ions. M u n g bean ( T M 96-1) responds
di f ferent ly to di f ferent populat ions of H. cajani and
therefore, it is essential to test the virulence of a 
part icular populat ion before us ing it as a source of
resistance for incorporat ion.
No mul t ip l ica t ion of any populat ion of H, cajani was
found in soybean cv PK 564 (Table 2). A l so
representative populat ions of both races of H. cajani 
fa i led to mu l t i p l y on a l l the tested germplasm ( A V T 1 PK
416, A V T 1 Pusa 16, M L T P K 416, M L T P K 4 7 1 , M L T
PK 472, SST 1 PB 1, SST 1 PK 472, SST 1 PS 1024).
Koshy and Swarup (1973) found a very less reproduct ion
of H. cajani on soybean cv Glyc ine 24, but no
mul t ip l ica t ion on cvs. Lee, Roanoke and IC 9620. F rom
the above studies it can be speculated that soybean is
either a no host or a very poor host for H. cajani un l ike H.
glycines lch inohe, 1952.
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Table 2. Reaction of Glycine max cv PK 564 and Phaseolus radiatus cv TM 96-1 to different populations of H. cajani 
Number
White (Female)
Populations
Race A 
Anand (Gujarat)
Coimbatore (Tamil Nadu)
Dharwar (Karnatka)
Hisar, Pigeonpea (Haryana)
Jaipur (Rajasthan)
Kanpur (U.P.)
Ludhiana (Punjab)
New Delhi (Delhi)
Pusa (Bihar)
Yamunanagar (Haryana)
Race B 
Hisar, Clusterbean (Haryana)
C.D. (P = 0.05)
(Data are means of three repl icat ions)
0
0
0
0
0
0
0
0
0
0
0
-
J2
cv PK 564
0
0
0
0
0
0
0
0
0
0
0
-
Male
0
0
0
0
0
0
0
0
0
0
0
White (Female)
30.0
8.3
10.0
102.0
30.0
117.7
9.0
118.7
32.3
7.0
60.0
12.6
J2
cv TM 96-1
9.3
2.0
3.0
27.7
11.7
27.3
4.7
24.0
8.3
5.0
17.3
6.3
Male
2.0
1.0
3.0
14.0
4.0
8.0
2.0
10.0
3.0
2.0
7.0
0.3
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Cot ton bol lworm/legurae pod borer, Helicoverpa 
armigera (Hubner) , is one of the most devastating crop
pests w o r l d w i d e (Sharma 2001). It has a wide host range,
and feeds on more than 300 plant species. Due to
indiscriminate use of insecticides, i t has developed high
levels of resistance to conventional insecticides (Kran th i
et a l . 2002). Therefore, it is important to develop
alternative methods of con t ro l l ing this pest, inc lud ing
host plant resistance. However , the levels of resistance to
H. armigera in the cult ivated germplasm of several crops
are l o w to moderate. Therefore, improv ing plant
resistance to pests through genetic transformation, has
raised hopes of using plant resistance as an effective
weapon for pest management (Sharma et a l . 2004). This
includes incorporat ion of novel genes such as crystal
protein f rom Bacillus thuringiensis ( B t - C r y genes),
enzyme inhibi tors (such as protease and alpha amylase
inhibi tors) , vegetative insecticidal proteins (VIPs ) , small
R N A viruses (SRVs) , and secondary plant metabolites
(SPMs) . W h i l e the ac t iv i ty of B t - C r y proteins has been
investigated extensively, there is very l i t t le informat ion
on the b io logica l ac t iv i ty of other insecticidal genes that
can be used to confer resistance to insects in transgenic
plants (Hi lde r and Boul te r 1999). Therefore, we
evaluated the b io log ica l ac t iv i ty of plant lectins as
candidate genes for conferr ing resistance to H. armigera. 
Lectins are carbohydrate-binding proteins (or
glycoproteins) o f non- immune nature, and b ind
reversibly to specific mono- or oligo-saccharides
(Goldstein et a l . 1980, V a n Damme et a l . 1998). They
play an important role in the plant 's defense against
insect pests, and have been found to be toxic to viruses,
bacteria, fungi , insects and higher animals. This paper
reports the b io logica l effects of plant lectins from field
bean (Phaseolus vulgaris), pigeonpea (Cajanus cajan), 
chickpea (Cicer arietinum), and garl ic ( A l l i u m sativum) 
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along w i t h snowdrop (Galanthus nivalis) lect in on the
g rowth and development of H, armigera so as to identify
the candidate genes for deployment through transgenic
plants to control this pest.
Lectins extracted f rom chickpea, pigeonpea, garlic
(garl ic lectin I = from garlic leaves; garlic lectin II = from
transgenic tobacco) and field bean were bio-assayed
along w i t h snowdrop lectin against the neonate larvae of
H. armigera. The lectins were bio-assayed against the
neonate larvae of H, armigera by treating the surface of
the ar t i f ic ial diet (Armes et al . 1992) in a glass v ia l (2 cm
diameter and 3.5 cm height) w i t h 100 ml of different
lectins. Each glass v i a l contained 5 ml diet. The lectin
solutions were prepared in phosphate buffer ( p H 6.8,
molar i ty 0.2 M ) . The buffer was prepared by m i x i n g 51.0
ml of A [0.2 M solution of mono-basic sodium phosphate
(27.8 g in 1000 m l ) ] and 49.0 ml of B [0.2 M solution of
dibasic sodium phosphate (53.65 g of Na 2 HPO 4 . 7H 2 O or
71.7 g of Na 2 HPO 4 .12H 2 O in 1000 m l ) ] di luted to a total
of 200 ml w i t h dis t i l led water. Lectins dissolved in
phosphate buffer were spread un i fo rmly over the diet
surface w i t h a micropipette , and a l lowed to dry under the
table fan in the laboratory for 4 h. One neonate larva was
released in each v ia l and observations were recorded on
weight of the larvae five days after in i t i a t ing the
experiment, and larval , pupal, and total development
period. Each treatment was replicated three times in a 
completely randomized design. There were 10 larvae in
each treatment. Observations on larval weights were
recorded 5 days later, w h i l e pupal weights were recorded
one day after pupation. Data were also recorded on adult
emergence. The data were subjected to analysis of
variance.
The weights of the larvae at 5 days after in i t i a t ing the
experiment ranged from 16.54 mg on the ar t i f ic ial diet
w i t h buffer to 26.90 mg in diet treated w i t h f ie ld bean
lectin as compared to 22.68 mg in the untreated control
diet (Tab le1 ) . However , the differences in larval weights
in diets w i t h different lectins were not significant. The
larval weights were also quite l o w in the diet treated w i t h
phosphate buffer only . This may be because of some
effects of the buffer on the pH of ar t i f ic ial diet. However ,
no adverse effects of the buffer were observed on larval
and pupal periods and the pupal weights. The weight of
the pupae reared on diet containing garl ic lect in II ( f rom
transgenic tobacco) was s ignif icant ly lower (283.81 mg
per larva) as compared to those fed on untreated control
diet (325.00 mg per larva). None of the lectins tested
showed any adverse effect on larval period. Pupal per iod
of the insects reared on diet containing lectins from field
bean, pigeonpea, chickpea and garlic, was s ignif icant ly
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shorter than those reared on the untreated control diet.
The differences in percentage pupation and adult
emergence were not significant. However , less than 6 0 %
pupation was recorded in diets treated w i t h lectins f rom
pigeonpea, chickpea in 6 0 % ammonium sulphate
solut ion, garlic, and garlic lectin extracted from
transgenic plants as compared to 76.67% in untreated
ar t i f ic ia l diet. A d u l t emergence ranged f rom 33.33% in
diets treated w i t h pigeonpea and garlic lect in to 46.67%
in untreated control diet. The sex ratio (males:females)
was affected adversely in diets treated w i t h lectins f rom
field bean and pigeonpea.
Anti- insect properties of the plant lectins have earlier
been reported against European corn borer, Ostrinia 
nubilalis (Czapla and Lang 1990). The snowdrop lectin
( G N A ) has previously been shown to be toxic to
Homoptera (Rahbe et a l . 1995; Powel l et a l . 1995,1998),
Lepidoptera (Fitches et a l . 1997), and Coleoptera
(Gatehouse et al . 1995; Elden 2000). Snowdrop lect in
(2%) inhibi ted feeding and reduced the weight of spotted
pod borer, Maruca vitrata larvae (Machuka et a l . 1999)
and tomato moth (Lacanobia oleracea) (Fitches et al .
1997). Such effects of G N A were not observed in the
present studies, possibly because of l o w concentrations
used in the present studies.
Lectins have been reported to affect the survival and
development of insect pests (Janzen et al . 1976; Shukle
and M u r d o c k 1983; Czapla and Lang 1990; Hab ib i et al .
1993; Gatehouse et al . 1993, 1995; Powel l et al. 1995;
L a w and K f i r 1997). They b i n d to the glycan receptors
present on the surface l i n i n g of the insect gut (Pusztai and
Bardocz 1996), and interfere w i t h the formation and
integri ty of the peri t rophic membrane of the midgut
(Harper et a l . 1998), but h o w that affects the digestive
phys io logy is u n k n o w n . Larva l weights were s l ight ly
greater in diets treated w i t h G N A , chickpea lect in, and
field bean lectin. Similar effects of soybean lectin have
earlier been reported in case of O. nubilalis (Czapla and
Lang 1990). Percentage pupation was l o w (<60%) in
diets treated w i t h pigeonpea lect in, chickpea lect in in
6 0 % ammonium sulphate solut ion, and garlic lect in,
w h i l e adult emergence was l o w in diets treated w i t h
pigeonpea and garlic lectin. The garlic lect in had an
adverse effect of the larval and pupal weights of H.
armigera, but not on the duration of larval and pupal
development. The lectins from garl ic and pigeonpea can
possibly be deployed in transgenic plants in combinat ion
w i t h Bt genes to increase the levels of plant resistance to
H. armigera. 
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